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PREFACE. 



Of the arduous literary task undertaken by the author, only the 

first two divisions referred to on pages 1 and 2 — namely, digests of 

"the memoirs relating to meteorites published since 1868 — are here 

presented to the student. The remaining divisions, including that 

"which would have dealt with the methods which have been proposed 

for the chemical analysis of meteorites, and for the discussion of 

^which Dr. Elight was so well qualified, were still unwritten at the 

time of his death. 

The first 144 pages were printed off twelve years ago, after revision 
by the author himself, at a time when he looked forward to the 
speedy completion of the work : the proofs of the remainder have 
been read and arranged for press, and where needful have been 
compared with the original memoirs. 

To facilitate reference to the Articles an Index to the names and 
synonyms of the meteorites has been added. 

The Editors. 




3ln agcmoriam. 



WALTER FLIGHT, D.Sc. (Lond.), F.R.S., F.G.S. 



Walter Flight waB the son of William P. Flight, of Winchester, in 
which city he was bora on the 2lst of January, 1841. He was sent, 
after a period of pupilage at home, to Queen wood College, Hampshire, 
in the days when George Edmondson was Head Master, and Tyndall 
and Debus were the teachers o£ science. Here he had the good 
fortune to attract the notiee of Prof. Debus, who encouraged tlio 
youthful chemist, and in after years remained his constant friend. 

From Queeuwood "Walter Flight went to the University of Halle, 
to pursue his scientific studies, and in the laboratory of Prof. Heiutz 
he specially applied himself to the study of chemistry during the 
■winter session of 1863-64. 

In 1864 and 1865 he entered the University of Heidelberg, where, 
in the laboratories of the celebrated Professors Bunsen, Kopp, and 
Kirchhoff, he devoted himself earnestly to acquire that thorough 
knowledge of the various blanches of theoretical and practical chemis- 
try, and that marked facility for overcoming experimental diitiuullics, 
which characterize the practised and careful worker. 

From Heidelberg Flight passed to the University of Berlin, where 
he remained until 1867, studying and working in Prof. Hofmann's 
laboratory, and for a time filling the office of his Secretary and Chemi- 
cal Assistant. 

Returning to England in 1 867, he graduated D.Sc, in the Univer- 
sity of London, and in the following year was appointed by the 
Senate to the office of As sis (ant- Examiner under Prof. Debus, F.I 
(his former teacher at Queenwood). 

On the 5th September, 1867, Dr. Flight was appointed nn Assistant 
in the Mineralogical Department of the British Museum, where, ur 
the direction of Professor Nevil Story Haskelyue, M.A., F.R.8., the 
Keeper of Mineralogy, he carried on a series of researches into the 
chemical composition of the mineral constituents of meteorites and 
the occluded gases they contained. 

Many of the methods by which he carried out these investigations 
were originated by him in the course of his researches, and displayed 
in a remarkable degree his skill and ingenuity in chemical manipula- 
tion. 



viii Obituary Notice. 

Shortly after this date he was appointed Examiner in Chemistry 
and Physics at the Royal Military Academy, "Woolwich, and in 1876 
Examiner to the Royal Military Academy, Cheltenham. 

For several years Dr. Flight served on the " Luminous Meteors 
Committee" of the British Association, to which he gave much valuahle 
assistance. 

Between the years 1864 and 1883 he was author of numerous 
original papers; that relating to the Cranbourne, Rowton, and 
Middlesborough Meteorites appeared in the Philosophical Transac- 
tions : his researches were also referred to by Prof. Story Maskelyne 
in two papers on the mineral constituents of the Busti, Manegaum, 
and Breitenbach Meteorites, read before the Royal Society between 
1870-71. 

In January, 1875, he commenced to publish in the Geological 
Magazine a series of articles, entitled " A Chapter in the History of 
Meteorites," of which twelve appeared in that year; nine supple- 
mental essays followed in 1882, and a final one in February, 1883. 
These articles form the substance of the present work, some slight 
additions only having been made by the author to the first part 
printed in 1875. 

In 1880, Dr. Flight married Miss Kate Fell, daughter of Dr. Fell, 
of Ambleside. 

He was elected a Fellow of the Royal Society on June 7th, 1883. 

In 1884 he was seized by illness which prostrated his mental 
powers and rendered it needful for him to resign his appointment 
in the British Museum in June, 1885; but notwithstanding all that 
medical skill or the affection of friends could devise, he succumbed 
on the 4th of November, 1885, leaving his widow and three young 
children to deplore his early loss. 

Dr. Flight enjoyed the regard and esteem of a very large circle of 
scientific men, with many of whom he was on terms of intimate 
friendship. It is to these more especially that this little Book is 
dedicated as the last Memorial of a life full of promise, but all too 
early brought to an abrupt conclusion. 
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HISTORY OF METEORITES. 

FROM 1869-1875. 



INTRODUCTION. 

In submitting the following digest of what has been published on 
the subject of Meteorites since the beginning of 186&, it should be 
stated, to explain the selection of this period in particular, that up 
to that year the then numerous and scattered contributions to this 
question had been collected and published in the form of a moat 
careful digest by Professor Rammelsberg, in his Die Chevmche Natur 
der Meteorilen, 1870; further that Euehner's series of papers in 
Potjgeudorjf $ Annalen on Die Meteoriten in Sammlungen, had in 
many ways supplemented the work of Ram rnels berg. Hut while, as 
to the period previous to ltjij'j, we thus possess in a form most con- 
venient for reference the substance of all the then known contribu- 
tions to this subject, it appears that since that year there lias been no 
continuation of this laborious work of collecting and examining 
acattered materials. And yet it cannot be said that such is unneces- 
sary, for in this interval many important contributions have been 
made to this branch of mineral osriciil science ; meteoric falls of great 
interest, as, for example, that at Hessle. in Sweden, have taken place ; 
remarkable cosmical musses have been discovered, of which none are 
more curious than the colossal meteoric irons of Ovifak, in Green- 
land ; and the presence of now meteoric minerals has been de- 
termined, such as the calcium sulphide of the Husti aerolite, 1 and 
the rhombic form of silicic acid in the Breitenbach siderolite. It 
has therefore become a matter of necessity that the work of Rammels- 
berg and Bucbner should be continued, and this is the justification 
of tbe present attempt. 

It is proposed to deal with the subject under the following four 
divisions :- — 

I. To present seriatim a description of nil meteoric bodies that 
have been known to fall, or that may have been found, since the 
1st January, 1869, with an account of all tbe important phenomena 
attending their descent, and a description of their physical and 
chemical characters, or those of their ingredient minerals as 
far as they have yet been determined. In the examination of 
the analyses, it will be shown that the hypothetical silicate 
shepardite, which at the present time is supposed by many miner- 
alogists and geologists'to form a constituent of meteorites (although 

1 A preliminary note of this mineral appeared in the Brit. Assoc. Bepart, 1862, 
" Notices and Abstracts," Appendix ii., 190. 

* In his addre^ " Uflirr die Knrsvi.-kc-l'iTi^- ile-r Ntv.V.^ic in d-.n l.jb.ten oO Jahren," 
deliverc! before the German Naturalists' ,A»snci:ii.ni!i <it T.f-ip/.if,' in 1 cj~2. Von Di.-cIii.-ii 
alluded to shepardite Janderthalbfacb liieseUanre Magnesia), as a characteristic 
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e assumed to be present, 
3rs indicate the 



it has never been isolated), not only need not 

but that the analytical results of those obser 

in the aerolite of such silicates only as have on some occasion or 

other been observed to occur as distinct species in a meteorite. 

II. To produce a digest of work published from 1869 — 1875 oo 
meteorites which had fallen, or had been found, at an earlier date, 
giving such results as correct earlier analyses. 

III. To prepare an exhaustive notice of papers published from 
1869 — 1875 on meteorites : 

(1). In their relations to astronomical questions ; their probabh 
orbits; the phenomena attending their fall; their distribution 
on the earth's surface ; spectroscopic examination, etc. 

(2). In respect to better methods of analysis; new catalogue! 
of collections ; and the bibliography of this branch of n ' 
alogy. 

IV. To examine cases of doubtful falls, pseudo- aerolites, 
which have been placed on record during the above interval. 






19, January 1st, 12h. 20m. p.m. — Hessle, near TJpsala. 



This is the first meteoric fall recorded to have taken place in 
Sweden. The sky was cloudy, and, though apparently unobserved 
at Heesle, a lumiuouB meteor was noticed by observers at a distance. 
The noise accompanying the fall resembled heavy peals of thunder, 
followed by a rattling noise as of waggons at a gallop, and ending it 
first with a note like an organ tone, and then a hissing sound. Tin 
stones were strewn over a line of country lying 30" E. of S. towardi 
30" W. of N. Some of them fell within a few yards of a number ol 
peasants who were coming out of church ; one struck the ice close 
to a man who was fishing on the Malar Litrstu-Yiken, and after 
digging a hole three or four inohea deep, rebounded; when picked 
up, it was still warm. 

The stones differ greatly in weight, from 21bs. to 017 gramma 
{about 2\ grains). The smallest have the same structure and thick- 
ness of crust as tho largest, and are in fact small complete meteorites. 
Such diminutive stones have not hitherto been noticed, and should 
be sought for at future aerolitic falls. 

The exterior of the stones is black ; the interior bright grey, and 
sufficiently porous to cling to the tongue. Though the structure of 

1 0. Fall net ij dm. Mutcorrullef. i Fittja aocken af Upaala Ian d. 1 Januari, 1869, 
Oefvenigt Vet. Akad. lord. 1863, No. 1, 63.— A. E. Nordeiwkjiild. Kwyl. .SYrwjii. 
Vttcnsk. Akad. Mandl. riii. No. 9 ; Fiffff. Ann. cui., 206.— (i. Lindstrom. 

Ki;mi-k- UmlersokmriK af M e too rstc earn C fr&n Hessle Kam/l. faih I'e/mtk. 

Akad. F6rd.. 1863, No. 8.— K. A. Freiiliolm. Om Meteorstensfsllet rid Heasle, 

Leipzig : Fritach.— <-. A. Olnbrfe. Compt- rend., litiii., — - 



HISTORY OF METEORITES. 

these meteorites is so loose that they break in pieces when thrown 
with the hand against the floor or frozen ground, it is a remarkablo 
fact that nearly all the specimens which have been collected fell 
intact, and some of the heavier stones which struck the ice of the 
Larsta- Vikcn failed to penetrate it, although the thickness was only 
a few inches on New Year's Day. This explains in some degree the 
statements of eye-witnesses as to their remarkably small downward 
velocity. 

In appearance they resemble very closely the meteorites of Aussun 
and Clarac, Haute Garonne (1858, December 9th). They have been 
examined by Nordenskjold, who so arranges the results of his 
analyses that he finds them to be composed of: 20 per cent- nickel- 
iron (chamoisite, Fe s Ni), with some schreibersite and rather less than 
one per cent, of chromite ; a variable amount of troilite (iron mono- 
sulphide) ; a trace of carbon, probably in the form of a hydrocarbon ; 
10 per cent, of labradorite ; 87 per cent, of olivine; and 23 per cent, 
of ' shepardite.' 

Two great difficulties, however, are presented by this explanation 
of the constitution of the Hessle meteorites. It is not only assumed 
that a basic silicate, like olivine, and a sesqui silicate, or aeid 
silicate, like ' shepardite.' exist in intimate association in the same 
rock-mass, but it necessitates the retention as a mineral species of 
this very ' shepardite ' which the researches of Dr. L. Smith on the 
Bishopville stone have shown to be no other than a pure magnesian 
enstatite (MgO,SiO,). 

In the following table are given : under I. the oxygen ratios of 
tie mean of the total constituents from throe analyses, after the nickel- 
iron had been removed by mercury chloride in one case, and by the 
magnet in another; under II. the oxygen ratios of acid and bases 
of silicate broken up by acid; and under III. the difference between 
I. and II., or the oxygen ratios of acid and bases of silicate un- 
affected by acid. 

I. Total. II. BoluWe. III. Insoluble. 

Silicic ncid ... 26-46 ... 10-78 ... 15-G7 



2-371 



1-113 



In the soluble part the oxygen ratios do nol widely differ from 
those of an olivino, while the atomic ratio of iron oxide to magnesia, 
nearly 1 to 4, is that observed in many meteoric olivines ; among 
others those of the aerolites of C'hantonnay, Oosel. and Richmond. 
From the fact that in rjordenskjold'e analysis Hie soluble portion was 
collected after the powdered mineral had been digested for a long time 
with warm concentrated acid, it is certain that some portion of any 
bronzite or enstatito that might be present would undergo decompo- 
sition, and this would explain the slight excess over 1 to 1 in the oxygen 
ratios of acid and total bases in the insoluble part. This insoluble 
portion, it will be seen, appears to be chiefly bronzite, and here again 
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the ratio of tlie two metallic oxides, also about 1 to i, is that of the 
broiizite of several meteorites, including among them the three 
mentioned above ; and the Hessle meteorite is a fourth example, in 
both the olivine and hrnnzite of which the atomic ratio of iron oxide 
to magnesia ia the same (1:4). The alumina has been regarded as a 
constituent of (lie bronzito, very few specimens of that mineral, 
whether terrestrial or meteoric, being quite free from this oxide; it 
could not be present as anorlhife, since the chief amount is in tlie 
insoluble portion ; nor could it be in the form of any other felspar, 
as the requisite alkali is not present. 

The most remarkable feature of the Hessle shower is the associa- 
tion with the atones already described of other oosmical matter, 
chiefly composed of carbon. It was remarked by the peasants that 
some of the stones which fell on the ice near Arno soon crumbled to 
a blackish -brown powder, which formed with the snow-water a 
mixture resembling coffee-grounds. Similar powder was found on 
the ice at Hafslaviken in masses as largo as the hand, which floated 
like foam on water, and could not be held between the fingers. A 
small amount, secured for examination, was observed under the 
microscope to be composed of small spherical granules. It contained 
metallic particles extractible with the magnet, nnd, when ignited, 
burnt away, leaving a reddish-brown nsh ; heated in a tube, it gave 
a small amount of a brown liquid distillate. A specimen dried at 
110° had the following composition :— Equivalent 

Carbon 61-6 43 

Hydrogen 3-8 3*8 

Oiypeu (talc-dated) 157 0-S8 



Silicic acid 

Iron protoxide 

Magnesia 

Soda, with trace of lithia .. 






The combustible constituent accompanying the stony matter 
the abovo mixture appears to have the formula nCjH 9 3 . T 
Hessle stones form a new member of the small class of carbo- 
naceous meteorites, that is to say, such as contain carbon 
amorphous state, or combined with hydrogen and oxygen, or in both 
these conditions ; it includes at present those which fell at Kabs, 
Cold Bok kc veldt, Alais, Oigueil, (joalpara, mid others. 

It was noticed that the stones found in the same district 
carbonaceous state were, as a rule, quite round, and covered on all 
sides with a black, dull, and often sponge-like, crust. The iron 
particles on the surface of the smaller stones were usually quite 
bright and nnoxidized, as would be the case if the stone had been 
heated in a reducing atmosphere. Nordeuskjbld believes that the 
carbon compound frequently, perhaps always, occurs in association 
with meteorites, and he attributes its preservation at Hessle to the 
fact of the stones having fallen on snow-covered ground. — The paper 
is illustrated by a map of the district, indicating the exact points 
where the larger masses descended. 
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BISTORT OF METEORITES. 5 

1869, Slay 5th, 6.33 p.m.— Kriihenberg, near Zweibriicken, Rhenish 



A single stone was seen tr> fnll, the sky Ijcjn^tilffir and bright. The 
noise of the explosion is described as having been louder than that 
of a cannon ; this was followed by one resembling a roll of musketry, 
terminating with a sound as of the rushing of steam from a loco- 
motive ; the tone of the last sound increased in pitch, and abruptly 
ended with another loud noise. Although no luminous phenomena 
were observed a! Kr;iliPrihi.Tg, a meteor was seen at Bingen, Speyer, 
Neuweiler, in Alsace, and in other parts, which observers agree in 
describing as emitting an intensely white light ; one witness, who 
saw it in the zenith, states that the light was bluish. The inclination 
of the path of the meteor to the horizon is computed to have been 
32°. From observations, made independently by two witnesses, it 
appears that this meteor came from the point in the heavens, 82° 
North Polar Distance and 190° Eight Ascension. In the Atlas of 
Meteors (British Association) there is given a radiant point (85° 
N.P.D. and 189° R.A.) for the epoch of 2nd April to 4th May, 
which is indicated as one of those that are " well-defined." It 
appears, then, to be highly probable that the Eriihenbevg meteorite, 
while traversing its cosmical path, belonged to the meteor shower, 
the radiant point of which lies near 8 Virginis. 

Vom Rath states that the stone fell from a small cloud. A little 
girl was within a few paces of the spot where it struck the earth, on 
the slope of a hill facing the S."E. ; it entered the ground to a depth of 
from three to four feet, making a perfectly vertical hole. It was 
soon dugout, and when brought to the village was warm, but not hot. 

The stone is of the form of a flattened spheroid, and weighed, 
when entire, about 331bs. The crust is about 0'5 mm. thick, and 
though in most parts black, some portions possess the peculiarly 
reddish-brown colour noticed on the Pultusk stones, The specific 
gravity of the stone, free from crust, is 3-497 ; that of the crust is 
3-449; as in the Pultusk meteorite, the crust is lighter than the 
body of the stODe. A remarkable feature of the surface are the 
numerous farrow-like depressions, some 8 mm. deep, which often 
anastomose and radiate from the more even crown of the stone 
towards its periphery ; they are confined to the more rounded 
side of the stone. A newly broken surface is light grey, and ex- 
hibits a net-work of fine black lines and veins of nickeliferous 
iron; in one place a, little gangue of metal measured 3 inches in 
length and 0-3 to 0-5 mm. wide. This meteorite bears a great 
resemblance, both as regards the crust and internal structure, to 
those above alluded to, which fell at Pultusk, in Poland, on 30th 
January, 1868. Spherules are abundant ; and other minerals 

1 0. Buohncr. Fogg. Ann., cxMvii , 176.— G. vom Rath. Fogg. Ann., crarii., 
328.— C. E. Weiss. Fogg, Aim., esurii.. 617— G. Neumavcr. Sittbff. IFien. 
Akad., li., 229. — P. Reinscli. Lithographic "Suit/ 3lii-rn.<m)ii.t!:/ifr Praeptirate " 
of this Meteorile, isputd March, 1872 ; and TuaihUH \h, Pifruitmlnlf dtt Navtw- 
" ' ir in Lrijxig, 1872, 132. 
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readily distinguishable are : olivine, magnetic pyrites, and chromits; 
tho whole being inclosed in a "sphaerolithic " jjruuud-masa of wMti 
and groy grains. 

Nickel-iron, containing 15'3 per cent, of nickel, constitute* H 
per cent, of the stone, a less quantity than is found in the Pultmk 
meteorites; magnetic pyrites ammmting to 6-52 per cent., a larger 
proportion than is met with in the Pultusk stones, occurs in grains, 
some 1 to 2 nun. wide. The dark -coloured spherules, the present* 
of which is a characteristic of ohondritio meteorites, are more distina 
and numerous than those of the Pultusk stone : some are 2 mm. 
wide, and are easily removed from tho ground-mass. Yellowisl- 
white grains, some 1 mm. wide, are abundant, and here and then 
are found grains of cbromite, bearing octahedral faces. 

Viewed in the microscope, the mass of the stone is made np of 
numberless small white crystalline granules, which give colour in 
polarized light ; they are stated by Voiu Rath to be unacted upon Ij 
acid, and to consist essentially of a riuigiiesiiim silicate, richer in 
silica than olivine. Among other curious constituents detected lit 
the microscope are : a very small purple-red crystal bearing faces, 
a number of blight-yellow granules in distinct crystals ; some light- 
yellow long prism-like forms; and a few large granules Oo mm. 
across, of a translucent red mineral, exhibiting conchoidaj fi ao ta a 
So small a portion of the stone could be devoted to chemical exsuii- 
nation that none of these substances, nor even the large spherules, 
could be separately analyzed. Tho analysis of the stone furnished, 
after the nickel-iron and magnetic pyrites have been deducted, Its 
per-centage numbers of acid and lifisos, the oxygen ratios of which M* 
1 : 1-448, the ratio in tho Pultusk stone being 1 : 1-507. The aualogj 
in composition, in respect of each constituent,, of two bodies from so 
widely separated regions of planetary space is very striking. Vom 
Eath expresses his belief that " tho siliceous portion of this meteorite, 
and indeed of the Pultusk stone, is mainly eompused of olivine anc 
another, a magnesium, silicate richer in silicic acid ; but whether it 
be enstatite or shepardito (2MgO,3SiO,), or whether both silicate) 
accompany the olivine, cannot, unfortunately, he determined." 

Apart, however, from the doubts that are now entertained respect- 
ing the existence of the magnesium sesqui silicate of Hose as a 
mineral species, the analytical determinations of Vom Eath 
not be found, on examination, to support the theory in question, 
addition to the composition of the entire stone, which is to be found 
below (I.), he gives in his paper the amounts of each of the " 
dissolved in acid during a sulphur determination (see II,). 



Silicic acid 
Magnesia 

Iron protoxide... 

Alumina 

Lou (Soda f}... 



-5 I 6-92 
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iiiming the bases dissolved to be those of an olivine, they would 
juice 17-90 per cent, of silicic acid to form 51-36 per cent, of an 
olivine of the form FeO. M^O, SiO, i like that occurring in the me- 
teorites of Chateau-Renard and Kakova), while the undissolved 
bases with 25-95 per cent, of silicic acid form 45-45 per cent, 
of a nearly pure magnesian onstatite. There now remain only 
2-52 per cent, of silica, which, with the alumina, and what may 
possibly be potash, give oxygen ratios, pointing, with more accuracy 
than might be expected in so small a residue, to about 4 per cent, 
of what may be a felspar. This method of regarding the con- 
stitution of the meteorites of Kriihenberg and Pultusk has the 
advantage of assuming the existence in those stones of such 
meteorio minerals only as have been isolated and clenrly identified. — 
In an elaborate paper on the lithology of this meteorite, Weiss states 
that lie detected the presence of three silicates, and by a careful study 
of a fresh surface of the stone, he finds that the grey silicate, which 
is probably enstatite, occurs in three distinct forms. This is a point 
of considerable interest, not only as tending to confirm the above 
calculations, but from the fact that three varieties of a nearly pure 
magnesian enstatite likewise occur in the Busti aerolite. 

Eeinsch has prepared eighteen microscopic slides of this meteorite, 
and made very effective pen-and-ink sketches of the more important 
of them. One shows a remarkable eroded spherule of iron ; the 
evenly serrated surface is inclosed in a metallic shell, or rather net, 
so regular are the intervals at which this covering is broken through. 
Another exhibits spherules traversed by little dykes or veins of a 
mineral, which in one case is of a purple colour. Others show 
a beautiful blue mineral, which be suggests may be haiiyne. He 
directs attention to the presence of magnetic pyrites and nickel-iron 
in the crust of the meteorite, and contends that, as these minerals 
would undergo change if exposed in air to a temperature at which 
the silicates forming the crust fuse, the meteorite must have been 
covered with a crust before it entered our atmosphere, and he 
ascribes the fusion to electrical agency, as seen in the perforated 
rocks (fulgurites ?) of the LesBer Ararat, described by Abioh. 



1869, May 20th, 11.20 p.m.— Moriches, Long Island, Suffolk Co., 
New York. 1 

An unusually brilliant meteor was seen at New Haven, New 
York, Philadelphia, Hartford, and many other places. It appears 
to have moved, nearly horizontally, at an elevation of fifty miles, 
along a visible path of about 200 miles, and to have exploded over 
the Atlantic somewhat N. and E. of Boston, The time of flight is 
estimated at five seconds, which indicates a velocity of forty miles 

E. Loobub. Amir. Jour. Sc., 1869, ilriii. 145. 
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per second. Three mitioteB after the passage of ths meteor, '•» 
terrific Bound " was heard at Moriches, which shook the house of 
the observer to the very foundation. The angular diameter of the 
meteoric body is estimated to have been 30', the distance from 
Moriches at the time of the explosion, thirty-nine or forty miles, 
the altitude twenty-eight miles, and the actual diameter 1843 feet 
It recalls to mind the celebrated meteor of 1783, August 18th, 
9-30 p.m., which traversed Europe from N.W. to S.E. 1 



1869. May 22nd, 10.5 p.m. Paris time (9.46 p.m. Valines time).- 
Kernouve. 2 kilometres from Cleguerec, Arrondissemettt it 
Napolo '-oiiviHe, Morbilian, France. 2 

A meteor was seen moving in the direction from S. to N. It very 
soon burst, throwing off a number of greenish -white sparks, which 
almost immediately lost their brilliancy, and in two and a half or 
three minutes an explosion was heard. At Vannes, the very intense 
bluish- white light, which lasted for some seconds, resembled that 
of burning magnesium. The Btone penetrated the soil of a meadow 
to the depth of one metre, and was quite covered by the loose earth 
thrown up by the shock ; when exhumed it was broken up by the 
peasants. A young girl, distant only a few metres, was tbe sole 
witness of the fall ; the leaves and ends of the branches of some 
trees close at hand bore marks of having been scorched. The stone, 
when perfect, probably weighed about 80 kilogrammes, and was of 
a conical form ; the crust is of two kinds : an outer hlack enamel 
rugose and blistered, and an inner simple coat of glaze; in some 
places grains of iron projected through both crusts. The interior is 
a dark grey colour, and is very compact and granular. The iron is 
disseminated in very brilliant grains; here in veins some centi- 
metres long, there in masses several millimetres in diameter. The 
magnetic pyrites (troilite?) occur but rarely in veins, sometimes in 
masses 3 centim. long, and 2 millim. broad. Occasionally grains of 
an enstatite or felspar are seen. In texture this stone bears a great 
resemblance to the aerolites of Fultusk (1868, January 30th). The 
density of the meteorite is S'747 ; it gelatinizes with acid, giving 
off hydrogen- sulphide. Pisani states that tbe iron sulphide is not 

1 May 20l.h 22nd, appears at the present thru 
meteoric falls may be looked for. During the last 
have occurred : 1868, Miv 22r.d, Slau-tic, uroana. 

1869, Mai 2i1th. M unities, New York. 
1869. Mai 12nd, Clejruirec, France. 
1871, Mb) 2l6t, Searemont, Maine. 
1874, Mat 2Ulh. Virtu, Turkey. 
Compi. remi., Iitin. 1336.— F.Piiani. Uunpl. rind 
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attracted by the magnet; lie has, however, given it in the form of 
itio pyrites in tho following total composition of the stone : 



10077 
The nickel-iron is composed of: 

Iron = 9244 Nickel = 7-fi 8 = lOOOi 

and the silicates of: 

SiO a Al 3 0j FeO MgO CaO Ka,0 

A. Soluble ... 29>04 298 22-31 42-96 1-36 1-36 -= 100-01 

B. Imolulih... 5694 5-37 9-89 21-93 3-fi3 2*34 = 100-Qi 



1869, September 19th, 9 p.m — Tjabe, near Pandangan, Bodgo- 
ftTegoro, in Residence Uembang, Java.' 

A meteor, the brilliancy of which is stated to have surpassed that 
of the moon, was seen about nine in the evening to move in a north- 
easterly direction over the village of Tjabe. It was observed at 
Pandangan. the chief place of the district, as well as at Bodgo-Negoro, 
chief town of tho division, lying east of Pandangan. At the same 
time a meteorite fell at Tjabe, at a distance of about twenty metres 
from the house of a native named Sokromo. The sound following 
the appearance of the meteor is described as an explosion, as loud as 
that of a cannon, followed by a noise resembling that caused by a 
carriage croM.-iiiig a briilgc; this lasted some time. The villagers 
Bought in vain for the spot where the meteorite fell ; at six o'clock 
next morning, however, it was found at the place already mentioned, 
at o, depth of two feet in soil which, had been hardened with a long 
drought. According to the report drawn up by the President of 
Eembang, it was remarked by tho villagers that the aerolito, when 
found, was still so hot that it could not be touched with the hand. 
This statement, however, must be received with caution. 

This stone, the only one found, weighed about 20 kilogrammes. It 
is covered with a dull greyish black crust, 0-5 mm. in thickness; 
the fresh fracture is dark grey, and exhibits a number of brilliant 
points: here and there brilliant plates 1 mm. square are met with, 
as well as a small number of very dark, almost black, grains of 
spherical form, with a diameter of about 2 mm. The mass of the 
etone is coarsely granular, and is so veiy hard that portions are only 
detached with a hammer with great difficulty. 

The specific gravity of the metallic portion is 6-8 ; the magnet 
removed 14 per cent, constituents, which consist of two alloys of 
nickel-iron, containing respectively 6-2 and 12-5 per cent, of nickel ; 
in one portion of the stone was found 6-17 per cent, of troilite. The 
density of the stone is 3-695, 

1 E. H. von Baunihfluer. Archivti Xeeriandaiw, ri. No. 4 (1871).— Q, A. 
D»nbree. Ompt. rind., 1871, IStb, December. 
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The analyses of the rocky portion yielded the following results :— 

8iO a . A! s Oj. FeO. MnO. MgO. C»0. Na,0. K^O. Chroroile. 

A. Soluble ... 31*73 0-70 26*M 0*66 36*70 l'6l 0--J8 Trope — =100-00 
B.Jniotubls... 60*83 4*7*1 12*02 0*60 14*14 3*30 1*53 0*82 1*12 = 100*M 

The soluble siliceous portion, forming 43*94 per cent, of the non- 
metallic part of the aeruliti 1 , consists of an olivine in which the 
oxygen ratios of FeO and MgO are as 2:5. As in moat analyse! 
of meteorites, where the separation of the silicate of the form 
2RO,SiO, is attempted to be effected by means of acid, the silica in A, 
the soluble portion, is insufficient to form an olivine. The silica of 

B, the insoluble portion, on the other band, is not only present in 
ample quantity, to make good what is wanting in A, and to supply 
the silicates of the form EO,SiO„ hut is in sufficient excess to lead 
Baumhauer to assume the presence of a bisilicate in the insolubli 
portion. If, however, the requisite amounts of silica be apportioned 
to the protoxides of iron, manganese, magnesium, and calcium of A 
and B, to form the respective silicates, there remain in the insoluble 
portion the following constituents, the oxygen ratios of which, u 
will be seen below, do not differ widely from those of an albite 
orthoclase : 

SiOj-^6'326; A1,0=W8; K s O=0-16; Na 3 O-=0*39. 
Baumhauer traces a resemblance, in point of composition, between 
the aerolites of Tjabe and Mezo-Madaraz (1852, September 4th), l)j 
comparing bis results with those published by Atkinson,' who 
analysed the latter stone in Wiihlers litbuviiiory. About the time of 
the publication of this paper of Baumhauer's (1S71), Kammelsberg' 
announced the result (see infra) of his examination of the Mezo- 
Hadaraz stone, which differs very considerably from those arrived 
at in the earlier analysis; where, in the insoluble portion of the 
Mezo-Madaraz stone, Atkinson found no iron protoxide, Earnmelsberg 
finds 13*27 per cent. It will suffice in this place to mention that 
the later analysis of the Transylvanian aerolite does not indicate 
the presence of an excess of silica, and yields numbers which point 
to the presence of an olivine, like that found in the meteorites of 
Hainholz (1856) and Shergotty (1865, August 25th), and of a bronzite 
resembling that occurring in the aerolite of Chantonnay (1812, 
August 5th). 



1869, October 6th, 11.40-45 a.m.— Stewart County, Georgia. s 

When this stone fell, the sky was somewhat hazy, but there was 
no cloud. An observer at Bladen's Creek heard a roaring rushing 
sound in a north-westerly direction ; in a moment, it appeared to be 
directly westward ; then a loud explosion, followed by six other 



J. E. Willet and J. L. Smith. Anur. Jour. Sc. 1. 335, and 3; 
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reports, occurred. After these explosions a peculiar whizzing sound 
■was heard, produced apparently by some large irregular body 
moving rapidly away, while a smaller one passed to the south-west 
with such a noise as is caused by a flying fragment of a shell. 
This piece, it was found, descended about two miles and a half from 
the point where the explosion occurred ; it weighs about 12^ ounces. 
Two men, who were looking in the direction of the explosions at the 
time they took place, state that they saw a quantity of -vapour much 
like a volume of steam escaping from an engine-pipe, which was 
violently agitated, and increased in bulk after each report, but dis- 
appeared soon after the last of them. Some labourers close at hand 
saw directly after the explosions something like a thin cloud cast its 
shadow over the field in which they were. The stone, already 
alluded to, and which was seen to strike the ground by two negroes 
who happened to be at work about twenty paces distant, appears to 
have come from the north-west, at an angle of about 30° with the 
horizon ; it passed to a depth of ten inches into the soil. It has an 
irregular, seven-sided form, the longest side being about 2| inches 
long, and is covered with ft black crust. The specific gravity is 3-65. 
The explosion appears to have been heard over a region about 30 
miles N.E. and S.W. and 60 or 60 miles N.W. and S.E. 

The fractured surface has a greyish aspect, and exhibits numerous 
greenish spherules, with white granular interstitial matter, and occa- 
sional particles of nickel-iron, lioilile, or chromite. The nodules are 
sometimes more than 3 mm. in diameter, with an imperfect fibrous 
crystallino structure, the radiation usually commencing from one side 
of (he spherule ; they are more or less opaque, and of a dull, bottle- 
green colour, with a hardness of about 6. Analysis of this selected 
mineral gave the following results i — 

Oxygen Ratios. 

Silicic acid ,., *8'62 ... 29-9 I „ Q .„ 

Alumina ... 8-oa ... 3-79 > 

Iron protoxide 11-21 ... 2-61) .,„, 

Magnesia ... 30-18 ... 1180 ) *"* 



The formula of this mineral, with a portion of the silica replaced 
by alumina, a not unfrequent occurrence in minerals like hornblende, 
hypersthene, etc., is therefore EO,SiO, and it is probably a bronzite. 
The nickel-iron has the composition : 

Iron = 86-92; Hickel = 12-01; Cobalt = 075 = 100 
and that of the rocky portion is as follows : 

Si0 2 . A]-O s . FeO. MgO. CaO. NajO. 
A. Soluble 41-08 0-32 lB"4fi 41-00 — — = 100-91 

'B.ImotubU 56'03 fi-89 lfi-21 21-01 0-10 2-97 =101-21 

The author deduces the following for the composition of the stone : 
Nickel-ii 






Magnetic pyrites (PI 8-1 

Bronzite, olivine, albite or oligoclase, and chromite 86*9 
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1869, November 6th, 7 p.m.— Fawley, near Southampto 

The correspondent observed two meteors within a few 
seven o'clock on the evening of that day, which was a Saturday, 
on the following Wednesday discovered a ' meteorite' which \ 
more than 1 lb. avoirdupois. "It had not penetrated the 
more than half an inch." From the description of what hefound,it 
appears that he picked up a nodule of marcasite, which had probablj 
been left exposed on the surface after heavy rain had washed awij 
the surrounding soil. 



1869, December 25th.— Murznk, Fezzan [Lat. 26 3 S. ; Long. 12 £ 
of Paris].* 

The letter of M. Coumbray, communicated to the Geological 
Society by Mr. E. H. Scott, announced the fall of an aerolite, or 
bolide, at Murzuk, in the presence of a group of Arabs. The bolide 
on falling is described as having -'exploded with a sound resembling 
pistol shots and a strong odour." The intelligence was communicate! 
to the Vienna Aeiidemy by 1 hi i dinger, and to the Berlin Academy ij 
Dove ; and Mr. Greg, in the British Association Report, states that 
it fell on the 26th December, and that it weighed 6000 lbs. 

It appears highly probable, however, from a statement laid before 
the Berlin Academy by G. Rose ' at a more recent date, that no 
meteoric fall took place. According to letters received from the 
Austrian Consul at Tripoli and Hag Ihraim Ben Alua, Sliiek of 
Murzuk, a corporal, who was on guard at the gate of the to' 
the night of the 25th, heard a series of explosions, like the 
of nine muskets. Hearing the alarm, the officer collected five men, 
and, sallying forth, they met a man, who Btated that, the noise was not 
the report of guns, but the explosion of a im-fcor, which burst in the 
direction of a little village called Namus. The writers of the letter) 
were of opinion that no ineteorito had been found. 



Meteoric Iron, Found in 1869 or 1870.— Shingle Springs, 
Eldorado County, California.* 

This mass, said to he the first discovered in ( California, was rescued 
in 1871 from the forge of a smith, who found it in a neld near Shin gla 
Springs. It weighed about 85 lbs., and its largest dimensions were 
24 and 29 cm. It is very homogeneous, only two small masses of 

1 A. T. Smith. The Standard, November, 1BB9. 

" M. Coumbray, Jour. Grot, Hoc, uvi. 415. Geol. Mao., VII. 236.— R. P. 
Grejf. Eep. Brit, A.uac. 1871.— Bullet. Meteorologico. ii. 4 — G. Rnse. Monatiber, 
Berlin Ak., Xovember, 1870.— G. Techernmk. Site. Wim. Ak. June, 1B70. 

] G. Hibp. Monatiber. Berlin Ak., 1871, 80*. 

' B. Silliman. Amtr. Jour. Se. [3] ri. 18, 
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pyrites (troilite?) being visible on one of the sides. The crust to a 
depth of from 4 to 5 cm. is remarkably hard. The density 7-875 
(that of some pieces removed by the planing tool being 8-024) is 
above the average density of meteoric iron, and this is most probably 
due to the presence of an unusually large proportion, more than 
17 per cent, of nickel, as the subjoined analysis indicates. 

Iron 81-480 Cm-bon 

Nickel 17-173 

Cobalt O'OOi 

Aluminium 0B8 

Chromium 020 

Magnesium 0010 

Calcium 0-163 

Another remarkable feature of this iron is the obscure characters 
of its crystalline structure : when etched, the acid discloses a confused 
granular surface, exhibiting under a lens a reticulated structure with 
numerous brilliant points and V-shaped lines. The Eldorado iron 
resembles that of the Cape of Good Hope, analyzed by Uricoechea, 
in the absence of Widmaimstiittian figures and in the presence of a 
large per-centage of nickel. 

The meteoric irons which contain most nickel (and cobalt) are : 

NlckeL Cobalt. Total. 

Grenville, Terni 17"10 2-04 19-14 per cent 

Tazewell Co., Term. ... 1462— 15-02 0-43—0-60 — „ 

Cape of Good Hope ... 15-09 2-66 17-65 „ 

Few analyses have detected more than 10 per cent, of nickel in an 
iron, and the average amount of this metal in eighty analyses com- 
pared by Silliman is not above 7-25 per cent 

This is not the earliest notice of the Eldorado iron. In June, 1872, 
Shepard 1 published a short note on it in the same journal. He 
determined the specific gravity to be 7-SO, and found only 8-88 per 
cent, of nickel, as well as 3*5 per cent, "insoluble, consisting of a 
mixture of Fe,Oj and FeO, with minute silvery particles of supposed 
phosphor-metals." The examination was evidently an imperfect one. 



Meteoric Irons found in 1869. — Staunton, Augusta Co., -Virginia. 9 

This is the fourth recorded instance of meteorites having been 
found in the State of Virginia. Three masses of meteorio iron have 
recently been met with: No. 1. weighing 5'J lbs., was turned up by 
a plough, five miles somewhat E. of N. from Staunton, in lat. 38° 14' 
N-, and long. 79° 1' W. ; No. 2 weighs 36 lbs., and was met with 
one mile S.E. of No. 1 ; and No. 3, which weighs 3^j lbs., was found 
half a mile still further S.E. 

They were covered with a dark brown crust J to J in. thick ; on 

1 C, U. Shepard. Amer. Jour. St., [3] iii. 438. 

" J. W. Mallet. Amtr. Jmr. 5*., T3] ii. 10; Brit. Asm. Report (Brighton), 
1872, 77; Proc. Royal. See. ix. 365; Fogg. Ana. vxliil 134. 



esponare to moist air, a liquid, containing iron, nickel, and chlorim 
exuded from many parts of the surface. This iron, which exhibit! 
feeble magnetic polarity, and has a specific gravity of 7'8.'l to 7B5, 
is compact and highly crystalline, and contains occasional grains of 
troilite. Traces of Widmaunstattian figures can be detected era 
without acid; but this reagent developes them in great beauty, ml 
with considerable resemblance to those of the Lenarto and certak 
Mexican specimens. The irons were cut so as to give differenr 
projections of the same crystalline structure; in No. 1 the hands (f 
iron and schreibersite intersect at 120" and GO 3 , in No, 2 they ap- 
proach 90°, and in No. 3 are at about 60°. 

The author states that by prolonged action of acid, white, pliant, 

and strongly iiin-j-nelii- 1 in-r of sclirt-iliovsite are brought to vie*. 

He does not appear to have aualyzed them, but, to judge from obser- 
vations made on other irons, it seems highly probable that tin 
plates are not schreibersite, which is very brittle, but an alloy ft» 
from phosphorus, and containing about one-third its weight ol 
nickel. The three masses gave on analysis the following; results: 





No. 1. 


No. 2. 


No. 3. 




88*708 


88*305 


89007 


Nickel 


10*163 


10*212 


9-964 


Cobalt 


0-396 


0*428 


0-387 




0-003 


0-004 


0-0O3 


T^ ;;; ;;: ;:. 


0002 


0002 


0-003 


Manganese 








Carbon 


172 


0-136 


0-122 


Phosphorus 

Sulphur 


0-3*1 


0-362 


0-37S 


... ... 0-019 


0-008 


0*028 


Silica 


0*067 


0-061 


0056 


Chlorine 


0003 


0-002 


0*00* 



99-872 99-659 99 947 
The chlorine is not of meteoric origin ; a solid piece of No. 1, 
weighing 50 grammes, and quite freo from flaws or fissures, con- 
tained no chlorine whatever. Some portion of the siliceous residue 
from the action of the acid probably consists of silicide of imn; 
when magnified 500 diameters, and examined by polarized light, it 
is found to consist of an amorphous powder, and rounded transparent 
grains of 0-0025 to 0-0100 mm. diameter, and with well-marked 
doubly refracting characters. 1 The three masses are, beyond que* 
tion, portions of the same fall. 

Pieces of this iron have been forged. One, which was hammered 
cold, could be beaten into any desired shape ; a second, which had 
been exposed to a red heat in vacuo, could only be forged in the cold 
with much difficulty ; while a third piece that had been subjected 
to a white heat could not be forged at all, and crumbled under ths 
hammer when reheated. Mallet is of opinion that the brittleness 
arose from the melting out of the phosphide, " leaving the iron 

1 The residue left on treating the Tuczon iron with ncid appears to have home ■ 
•Treat resemblance to this substance. Compare with the description given in Buelinor'i 
Jfrtnrittn, p. 183. 
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porous." As the amount of phosphorus present was but small, and 
did not exceed one per cent, it may have rendered some portion of 
the iron, " cold short." 

The gases occluded by this iron were collected by Mallet and 
analyzed. The material consisted of some turnings and a solid piece 
of the metal. The cutting apparatus employed to reduce them to 
the requisite size was heated to a red heat, and quenched in water, 
to remove all traces of oily matter. Graham extracted from the 
Lenarto iron 2-85 times its volume of gas; Mallet obtained 3-17 
volumes from his specimen. The latter was heated during four- 
teen and a half hours at a red heat, and then to an incipient white 
heat During the first two and a half hours 52 per cent (I.) of the 
entire gas was removed ; in the nest 2 hours 20 minutes, 24 per cent. ; 
(II.), and in the remaining nine and a half hours, 24 per cent. (III-). 
Below are given for comparison the composition of these three 
quantities as well as that of the gas occluded in the Lenarto iron and 
that of manufactured iron : 



Hydrogen 

Carbonic oxide 

Carbonic acid 




Virginia Iron. 




Lenarto 
Iron. 

85-68 
1-46 

9-86 


Shoe.ng 
Nails. 

36-0 
60-3 

7-7 
7:0 


I. 

32-12 
1599 
7-86 
6-06 


II. 
10-62 
11-12 
1-02 
1-45 


IIL 

3-19 
11-22 

8-58 


Total. 
35-83 
38-33 
9-76 
16-09 


62 '02 


24-11 


23-87 


100-00 


100 -00 


1MM) 



These results unfortunately do not admit of very exact comparison, 
as only a portion of the gas extracted from the Lenarto iron was 
quantitatively examined. Although the relative quantity of hydrogen 
in the AugUBta iron is much less than in the Lenarto iron, it amounts 
to 1-4 times the volume of the iron, while manufactured iron under 
ordinary pressure takes up only 0-42 to 0-4G of its volume of this 
gas. Mallet's results have shown Graham's view, lhat the pre- 
dominance of carbonic oxide among the occluded gases is indicative 
of telluric origin, to be no longer tenable. In connexion with these 
differences in composition of the gaseous constituents of meteorites, it is 
interesting to notice that the observations of Secchi and Hoggins have 
shown that carbon plays an important part in certain cosmical 
regions, although tins BpeotiOSOOpiG evidence in the case of this 
element is as yet less definite than it is in regard to hydrogen. 



1869 (and 1871), Trenton, Washington Co., Wisconsin.' 

An additional fragment of this meteorite, weighing 16^ lbs., was 
found in 1869 ; and another, weighing 35 lbs., was dug up in 1871. 
All the six fragments (143 lbs.) now collected were found in the 
same field. 

' J, L. Smith. Mineralogy and Chimi'try, 348. — J. A. Lapham. Atn. Jour. St., 
[31 iii. 69. 



IE 









1870, January 23rd,— Nidigullam, near Parvatypore, Vizagapatam 
District, Madras. [lat. 18* 41' 20" N. ; Long. 83° 28' 30" E.] ' 

A meteoric iron, weighing 407 tolas (about lOlbs.), fell at Nidi- 
gullam, and penetrated the ground to the deptb of twenty indies. 
Those who saw the meteor describe it as very large and beauttfnL 
and as exhibiting increased brilliance when it burst. The explosiot 
was followed by a series of rumbling noises. Tbe meteorite passed 
over Parvatypore from N. to S. ; the people of the village wen 
greatly alarmed, and one man, near whom it fell, was stunned. The 
villagers "carried it off to their temple, and, mnuh alarmed, were 
found making puja to it." The author of the notice in the Procer<tin<jt 
considers that this aerolite contains no stony matter, and he stata 
that it is marked with strire lying obliquely to its greatest length, 
which is G| inches. The lamented Dr. Stoliczka, however, was of 
opinion, from the description of the striation, that it is a stone con- 
taining much iron, "like the Mooltan aerolite which fell some short 
time ago." a If it be metallic throughout, as Sax ton asserts, it is tha 
third 3 iron recorded to have fallen iu India, ami one of the very few 
the descent of which has been witnessed. Among these very few ii 
the iron of Jullundcr (Jal.'milher}, Lahore, the history of which has 
quite recently been studied by H- Bloc! nil ami. 4 According to tha 
Iqbalnamah i Jahangiri, a dreadful explosion was heard in a village 
near Jullunder on the morning of the 10th April, 1621 (old style),' 
and "a lightning-like lustre shot along the heaven and descended to tne 
earth, and disappeared." Muhammad Sa'id, the Collector of Jullunder, 
rode to the spot, and ordered the burnt ground where the meteor 
struck to be dug. The deeper his men dug the hotter and crispsr 
the ground became ,: till they aligliled en a lump of iron, which waa 
so hot that it seemed to have come that very moment out of the 
oven. His Majesty (Jahangir) sent For Ustad Daud, who was well- 
known in those days for the excellent sword-blades that he made, 
and ordered bira to make the lamp into a sword, a dagger, and s 
knife ; but the iron would not stand the hammer, and crumbled to 
pieces." * He mixed the meteoric iron (ahan i barg, lightning iron) 
with common iron, and forged the weapons, This meteorite ib calcu- 
lated to have weighed 5-27 lbs. Troy. 



1 G. H. Saxton 
Greg, in the Sepo< 



True. , 



■■. Bcn/inl, ]S;n, !',-!.— Tim l'::i; is si;iW by 111. 

), to have token place December 2(ilh, 1869. 

of Lodran which fell 1st October, 1888 (»e» 



this ia proliably the 
Part II). 

3 The second is that found at Prambanan, Sticrakarta. Java, in 
under the word ' India ' not only the ISritish possessions, hnt thi 
in the Indian Archipelago. 



* H. 1 



I, 167. 



1 This fall, in Mr. line's ('atalnsue. Iitar* tSir- date April 17th, 1 
' Compare with Mallet's expenmants in forging the meteoric 
County. (See page 14.) 
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1870, June 17th, 2 p.m.— Ibbenbiihren, Westphalia, 1 

This stone waa seen to fall. It is stated that a flash of light was 
succeeded in about one mimite by a noise as of thunder, which 
attracted the attention of many persons within a radius of some three 
miles, and three minutes later the stone was scon to fall by a peasant 
distant some hundred paces. It entered the ground to the depth of 
0'7 metre in a well-trodden footpath ; a fragment (30 grammes) waa 
afterwards found 300 to 400 paces from the spot. The meteorite, 
which weighs IMJ.'M kilog. and is almost perfect, lias the form of a 
flattened spheroid ; and the black crust, which is somewhat less than 
01 mm. thick, bears on its surface a great number of very minute 
'ridges of fusion' that are less marked than in the aerolites of Stannom 
and Pultusk. On the posterior portion of the stone the fused matter 
has streamed along the surface. The stone, moreover, exhibits 
iressions, resembling the marks which are made by 
l plastic mass. 

The body of the stone is of a remarkably light colour, and consists 
of a greyish-white granular mass, through which are very unequally 
distribute! numerous large and small grains of a light yellowish- 
green mineral. Some attain a size of 3 mm., and all that were 
examined were so deficient in crystal -faces, and even in cleavage- 
pianos, that an accurate detenu i nation of thetr form could not lie 

xde; judging from the cleavage, however, this mineral appears to 
rhombic. It has a specific gravity of 3-42 and the following 

uposition : 







Oxygen . 




64-51 


29-07 


Iron protoxide 


17-63 




WnigKMM protoxide ... 


0-29 


0-06 ( 


Magnesia 




10-67 


lime 


1-04 


0-30 ) 



or that of a bronzito of the form (jFeOfHgO)SiO,. 

The pale grey very friable interstitial niattor, freed as thoroughly 
as possible from the grains of bronzite, was next examined. The 
specific gravity is 3-40, and the mean composition of two analyses is 
as follows : 

Oxygen. 



It is seen, than, that the interstitial mineral and the grains have 
1 G. Vom Hath. Manatiber. Ak. Win. Berlin, 1872, 27 j Fogg. Aim., «Vri. 474. 
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the same composition, and that tho constitution of the rbbenbu'hrei 
meteorite is one of the simplest of any meteorite yet investigate!. 
It not only consists essentially of a single silicate, but contain 
neither chromite, magnetic pyrites, nor sulphur compound of anj 
kind. A trace of metallic iron was met with, and some reddish- 
yellow grains with a brilliant surface, which have not been e* 
amined. Can they be the curious mineral found in the stone of 
Busti, which appears to be a compound of zirconium (or titaninra), 
calcium, and sulphur? The black crust is strongly magnetic, sonn 
of the iron protoxide of the bronzite having been converted during 
the passage of the stone through the atmosphere into the higher 
and magnetic oxide. 

While this meteorite very nearly resembles that of Manogaum, il 

approaches still more closely in composition to the bronzite of the 

Shalka stone. It will be remarked that the meteoric bronzites far 

exceed terrestrial bronzites as regards their per-centage of iron onfc 

We now know four aerolites consisting of a single silicate : 

ChassigiiY (1815, October 3rd) Olirine. 

Bishopvifie (1843, March 25th) Enatatita. 

Maneeuum (1843, Juna 29th) 1 „ j. 

IbbenUhrcn (1870, June 17th) j Bronzite. 

Vom Bath's paper is illustrated with a drawing of the stone. 

In a short supplement in Poggendorff't Annalea is given a brief 
description of a microscopic section of this stone, prepared bj 
Buchner, of Giessen. The entire slice is seen to be made op of 
rounded bronzite groins:, wiihout any heterogeneous ground mass unit- 
ing them. By rotating the Nicols the most brilliant play of colours « 
observed, the entire stone presenting crystalline characters. Little 
cleftB filled with fused material cross the field in every direction. 
Two very small red granules were observed in the bronzite ; their 
composition is not known. Similar bright coloured graii 
been met with in meteorites by Wohler and other observers. 






1870, October 27th, 3 a.m.— Forest, Ohio. [lat. 40° Sff H. ; 
Long. 84° 40 W.J 1 

The meteor exploded with a report like that of a heavy siege gun, 
followed by two or three reports in rapid succession. The firmest 
3 shaken to the foundations, and thousands of 
a instant. People awako at the time were startled to" see 
the night suddenly lighted into day and again relapse in darknesi. 
The time between the extinction of the light and the sound of the 
explosion is estimated at from one minute to half a minute, 
observer at Patterson, a mile from Forest, states that the meteor 
s from the direction S. 35° W. The descriptions of its size are 
of the usual vague kind : one man makes it as large as a beer-keg, 

1 J. L. Smith. Amer. Jour. Be., 1870, xlix. 139. 
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another as a load of bay, while a third observed a tail thirty feet 
long and three feet wide ! 

The report appears to have been heard for fifty miles around, if 
not at still greater distanoes. No fragments of the meteorite have 
been found. 



Fonnd 1870.— Kokomo, Howard Co., Indiana. 1 

A lump of meteoric iron vtas found in plastic clay under a bed 
of peat. It is described as a flattened, irregularly -shaped mass, 
rounded on one side and concave on the other. It is 5 inches long, 
3J inches wide, and l-^ inches thick ; and it weighs 4 lbs. 1£ oz. 
It is granular, like fine steel, and is malleable ; and though harder 
than common iron, can be wrought into any form. No cpmntitative 
analysis of this iron has yet been made, but the presence in it of the 
following elements has been determined : nickel, cobalt, tin, carbon, 
phosphorus, and perhaps sulphur. By acid the Widmannstattian 
figures are developed in great perfection. 



Found 1870. — Bunae, Desert of Atacama, Chili. [Lat. 26" S. ; 
Long. 70° W.] " 

This, the most recent addition to the little group of irons and 
Biderolites which have from time to time been found on the desert 
and Cordilleras of Atacama, iD about the latitude of the Tropic of 
Capricorn, partly in Chili and partly in Bolivia, was acquired for the 
Vienna Collection in 1870. It is a very interesting specimen of 
meteoric iron, apparently nearly complete, and weighing about 51 
kilog. It bears a rough resemblance to a shield, being convex on ona 
side, somewhat hollow on the other. 

Over the entire concave side aro shallow hollows from 3 to 4 cm. 
in breadth, and these in turn are marked with smaller hollows. 
The whole surface is also covered with three systems of fine parallel 
lines, forming a network ; two of these are at once apparent, the 
third only after careful inspection : they .ire Widmannstattian figures 
developed by the natural oxidation of the surface. The positions 
of the blunted edges between the shallow cavities are seen to be 
closely connected with the course of these traversing lines, and the 
meteorite is, as regards its crystallography characters, formed 
alike throughout. 

The second side exhibits sharper ridges and a greater number of 

i E. T. Cox. Amer. Jour. Sc. 1873, v. 155. 

* G. Tachermat. Itenktehrift Fin. Akad. Math. Natural. Clatse, xxxi. 187— 
E. Ludwig. Site. Witn. Akad., Ixiii. 323. 
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the smaller hollows, which are only one-fourth or one-third the size 
of those on the concave surface, ami have much steeper sides. Here 
also is seen Ihc network of linen, still more distinct, and traversing 
corresponding directions. Two systems intersect at an angle of ahont 
70° ; the third, which is only occasionally visible, forms equal angles 
with the other two. If these lines be sketched, as has been done by 
Tschennak in his memoir, it becomes apparent that they correspond 
with a 110 face (rhombic dodecahedral face) on meteoric iron, which 
in theWidmannstiittian figure is an isosceles triangle, with the angle 
of the apex equal to 70" 32'. The lines or lamella; forming the eqnal 
sides of the triangle are perpendicular to the 110 face, while the 
lamellre of the third system form with the 110 face, angles of 35" Iff 
and 144" 44'. It thus becomes clear why it is that the lines inclined 
to oaoh other at an angle of 70 s stand out so distinctly, while the 
others are less readily detected : the former meet the cut surface 
perpendicularly, the latter at a comparatively slight inclination. 

The original surface is gone, hut it was probably pitted, and the 
iron presents the appearance of having at one period formed a portion 
of a larger masB. In the different characters of the hollows on the 
two sides, it bears a general resemblance to the Agram iron, on 
which von Widmannstatten in 1808 first developed the figures that 
bear his name. 

This aerolite, mineralogically considered, contains : iron ; nickel- 
iron ; schreibersite ; and troilite. 

The iron occurs in three distinct forms: as beam-iron (Balkeneism); 
as tiinite or fillet-in'')! i ll<iiidi:lsi.'i<) ; and as interstitial iron (Fulleisea)' 

The beam-iron is seen on an etched surface in the form of long 
stripes, which often extend right across it; they are 1 mm. and 
sometimes 2 mm. in breadth, and occupy the greater part of the 
surface, traversing it in three directions. One of these intersect! 
a second at an angle of about 83°, and the third at about 97°. If the 
cut surface were parallel to a cubic face, only two of these directions 
would be seen, and they would intersect at an angle of 90°. The 
face of the section, however, happens to lie somewhat out of the 
plane of the (100) face, and is nearly parallel to the face of a 
leucitoid (811), for which face the angles of the trapeze, in Tscker- 
mak's drawing, are 82° 59' and 97° 1'. 

If etched, the beam-iron takes a set lustre, which Haidinger termed 
crystalline damaskining. Each stripe, when viewed in particular 
directions, exhibits a sheen, in intervening directions appearing 
dull ; the orientation of the lustre, is not the same in all the stripes, 
a group, irregularly distributed, always shining forth at the same 
moment. A single stripe of this form of iron, if only slightly 
etched, exhibits, under the microscope, very fine etched figures of two 
kinds : fine threads 0'01 mm. broad, which are straight along one 
side and serrated on the other ; they have the same habit and 
traverse the same directions as the etched lines that were first 

1 \'"ii Koifln'iiluiiiii ili-tLiiL'iii-iii.i] i'i iir vnrk-tii 1 * 'if icon ilrvdi'pi'd by etching: 
" iciaen, or katnacite ; Bandeiwn, or tKuite j Fiilleisen, or plcasite; * 
>r lamprite {Fogg. Ann., ciiv "'" 
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observed in the Braunau iron. 1 These threads are the sections of 
lamellae which are inclosed in definite crystallographio orientation 
in the beam-iron. When one of them meets a plat* of tiinite, the 
former is as a rule terminated, not uu frequently to be continued in 
tho nest stripe of beam-iron ; some, however, which meet a fillet of 
tiinite at an angle of about 70°, are seen to jmss through the last- 
mentioned mineral. The other appearance, developed by slightly 
etching the beam-iron, consists of small oblong areas with fine 
hatching. Seen in favourable light, all tho parallel sunken lines 
shine out along one slope ; and if the plate be rotated through 180°, 
they light up again along the other; in intervening positions they 
appear dull. These blighter areas are often in parallel position, 
though not invariably so ; if, however, tho angles be measured 
which they make with the fillets of tanito and with the oubio 
lamelhe, it is observed that in point of relative position they exactly 
accord with the etched lines on the Braunau iron. They never 
penetrate the plates of tiinite. When the corroding action of the 
acid is prolonged, these appearances are destroyed, and are replaced 
by etched lines and etched cavities. 

The etched lines have the same characters as those of the Braunau 
iron, but they are shorter and more difficult to measure. The section, 
as stated, is not exactly parallel to the face 811, so that tho following 
determinations of some of tho angles which the etched lines make 
with lines parallel to 100 are only approximate : 
Observed. Calculated for 



27° 



86° 



82° 63' 
!0*° ! 



11S°43' ... 117° 49' 

while the angles which the etched lines form with lines parallel to 
111 are : 

Observed- Calculated for 



100 



Sll 



30° 58' 


23° 61' 


46° 0' 


46° 24' 


62° r 


48° 68' 


71° 34' 


70° 30* 



These observations place beyond doubt the fact that the deeper 
lines thus brought out are the usual linos of etching. 

The cavities, produced by the action of acid, are very small, about 
O'005 mm. across, and have a rounded, sometimes quadratic, outline; 
tha more perfect having the form of rounded cubes. They are most 
abundantly met with on the fillets alluded to above, those in the 
same piece of beam-iron being similarly orientated, and it is to them 
and the parallel serration of the fillets that the crystalline damas- 
k wring is due. 

In the beam-iron are incloBed schreibersite and troilito, but graphite 
was not observed. The schreihersite is only met with in this form 

1 J. C. Neumann. Atu der Nalurwiis. Abhamil. (71". HnidinjevV^i- iMa.1.,'A- 
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of iron, and occurs there in rounded particles and elongated forms, 
which proceed from plates of this mineral, many of which lie parallel 
to an octahedral face. It occurs very frequently round about the 
remarkable lamellre of troilite (see infra) that lie parallel to the 
faces of the cube. 

The fillet-iron (Bandi:isen), or tiinite, presents itself on the etobed 
surface in the form of prominent bands or fillets between the Btripes 
of beam-iron, and they are sections of lamellas lying parallel to 
those of the beam-iron, — in other words, to the octahedral faces. 
This form of iron, though in such thin plates, is found by the 
microscope to be a fine tissue of heterogeneous substances. One 
of these is nickel -iron, which coats the lamellte of tiinito. A section 
of this mineral is dull in appearance, but the boundary is brilliant; 
while outside it, lie brilliaut points of not un frequently regular form. 
The framework and the points have the yellowish colour of nickel- 
iron. The duller field, when strongly magnified, is seen to consist 
of exceedingly fine plates of nickel-iron, which lie in two different 
directions, for the lines intersect at 90". The material lying between 
these plates, which has been removed in greater abundance, is pure 
iron. The lamellre of tiinite are often penetrated and traversed by 
fine plates of beam-iron. 

The interstitial iron (Fulleisen), which, as the name implies, 
occupies the areas between the minerals already mentioned, is 
abundantly present in masses sometimes extending to the breadth of 
1 cm. It is made up of tiinite and beam-iron, and is a representation, 
of the structure of the entire meteorite on a smaller scale, with such 
modifications as seem to indicate that after the large lamella? of 
beam-iron and tiinite were already formed, the matter inclosed 
between them became solid, and, shaping itself in accordance with the 
same laws in a limited area, produced this variety of meteoric iron. 
It occurs in two forms that, vary but little from each other. In 
one, fine stripes of beam-iron intersect, while between them is 
tanite : this is an exact reproduction of tho coarser structure of the 
meteorite. In the other (and this is observed in the larger masses) 
the square form is provided along its boundary with stripes of beam- 
iron, the remainder appearing granular through a number of little 
particles of beam-iron being ranged together with nickel-iron 
between them. 

The occurrence of troilite in lamella} has been observed for the 
first time in this iron. They lio parallel to the cubic faces, and, 
unlike those of tanite, do not traverse any considerable portion of 
the etched surface. The largest are 3'5 cm. long and 1-5 wide, and 
have a thickness of from 0-1 to 0-2 mm. They have a sharp outline, 
homogeneous structure, and are easily recognized as consisting of 
the brittle bronze -coloured sulphide which decomposes with acid. 
These lamellae are covered on either side with a layer of beam-iron, 
which separates them from the tiinite, the interstitial iron, and the 
lamellre of beam-iron that are parallel to the octahedron; whenever 

e of the last- mentioned plates happens to be situated near a lamella 
of troilhe, it will be found that the troilite has broken through it. 
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The troilite seems to have been formed first. After it had become 
covered with a layer of beam-iron, the octahedral lamella* (the 
taoite and tho beam-iron) appear to have been developed ; and last 
of all the interstitial mass, likewise in accordance with the law 
which governed the formation of the octahedral lamollffl. 

The troilite of this iron occurs almost entirely as oubic lamella, 
but rarely in the familiar nodular form. On examining the irons of 
the Vienna Collection, Tschertuak discovered thin plates of troilite, 
covered, as above, with beam-iron, in the meteorite of Jewell Hill, 
Madison Co., North Carolina, found in 1856. The laniellse are 
just as abundant, have the same orientation as those of the South 
American iron, and are about one-third the size. 
These two irons differ but slightly in composition : 

Ilimae. Jewell Hill. 

Iron 91-63 91-12 

Nickel T'l* 7-82 

Cobalt 0-41 0-43 

Copper trade trace. 

Phosphorus ... 044 0-08 



The paper is illustrated with four beautifully executed plates : two 
showing the natural markings of the surface, the other two the 
figures developed by etching a section.' 

1 The following meteoric irons ami siderolites from this region, several of which 
probably belong toons fall, have now been recorded; the greater number are pre- 
served in one or other well -known collection, and have been submitted to cumulation. 

(1). 1827. Siderolile (Brit. Mus. Coll.). Atacama, Bolivia. — Reported on by 
Bollaert {Journ. Roijui O-uiir. So?., s\i. I-T'i ; nm! in It' id {(.'/iin-A-i-*' Jour., March 
8, 185 1), who places tho locality in lat. 23 s 30' S. and 45'to 50 leagues from the coast. 

According to R. A. ['hilippi fjafir. Mm., l^-j-i. 1) »-".- ivci«liiu^ \20 to 150 lbs. 

were found one l«isui> from limine, in tliu centre of the Atacama Desert. Imilac is 
3S leagues from Hie const, 40 hninns troui Colija, and 3.i from Atacama. Rosa 

B'aeea the locality in Chili. (In Sticler's Atlas, At-numn Mt. is in Bolivia; the 
esert of Atacama, partly in Chili, partly in Bolivia ; the Province of Atacama, in 
Chili i and Atacama Alta in Bolivia.) This will be the meteorite analyzed by 
Kiiipolli. mill di-=i:-riln;d hj linnsi n in IS-'ji', the m.-inllii- portion of which contains : 
Fe = 88-01; Ni = 10-25; Co = 0-70; Mg=0-22; Ca=0-I3; Na=0-21; 
E = 0-16; P = 0-33 =100-00. 

Atacama, Bolivia. 



Rose plac 



this 



i Chili, and the position of Chac 
he (Brr. Berlin Akad., 1 



on the nickel-iron, which hadthecomp"d!i"ti : l'V = SB-yo; Ni = ll 
resembles that found at Hninbolz Home year." earlier. 

(4). 1853. SitteroliU (Brit. Mas. Coll.). CopUpo, Chili.— In the Amer. Jour. Sc. 
(lSfl4) nxrii. 213, C. A. Joy describes a siderolite from the Janacero Pass, 50 
English miles from Cnpiapo. Province of Atacama, Ciiili. Tho spec, gravityof this 
specimen is 4-35, and it is composed of nic kid-iron, troilite, :uid silicates. J. L. 
Smith {Amur. Jour. ,sv., xviviii. JiSfi'i e...iisi<lcrs it to la- identical with the Sierra di 
Ohaoo meteorite described by Rose (see No. 3). Captain Gilliss, of the United 
States Observatory at Washington, believes ' Janacera ' to he a misprint for 
* Jarquera,' tho name of a river which rises in one of the Atacama passes. 
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Found 1870. — Iquiqae, Pern.' 

This n:ass of iron was discovered on a mountain slope on the 
western border of the pampa of Tamarngul, ten leagues east of 
the harbour of Iquique. It lay at a depth of from two to four feet 
below the surface, bi-ing imbedde/d partly in a bed of nitre, of the 
hardness of atone, partly in the overlying soil. When found, the 
metal was so hard that two chisels were broken in an attempt to 
remove a fragment of it. A piece that had been heated became 
malleable, and was beition into very thin plate. 

The Iquique iron is in the form of a slab, 6 cm. in thickness ; on 
one side it is convex, bent somewhat inwards on the other, with a 
deep cavity on ono part of the surface. The former is covered with 
ridges, running obliquely across its side, and in most cases parallel 
to each other. The weight of this block of metal is 21 lbs., and the 
specific gravity 7'&25. When cut, it takes a fine polish, and exhibits 
strong metallic lustre and a steel-grey colour. Four analyses have 

(Ctimpt. rend., Isivi. -iiii 1 ) describes a large inm. weighing 1(14 kilng., acquired in 
1867 for thfl Taris Collection. It was I'niiiii! in Nm-einbi r, ISM, <m the west elope 
of the high cordillcra. uf ihi: Amies, between tin- Rio Juneal imil the Salt-works of 
Pedernal, 60 leae-ucs N.K. u( 1'aypotc. (The difficulty nf transporting heavy masses 
across such an arid region in very irreat : iieenrditig !o Dr. l'hillippi (The Titna, 
August 31st, 1S74), it only rains a bunt unci' in from 20 to 50 years.) This mass 
bears on the surface the systems ni lines which Tseliennnk observed on the Himae 
iron, and Damour liuds limn agree in composition. They arc probably all membera 
of the same acrulitic fall. 

(7). (No date). Iron {Brit. Mus. Coll.). Sierra di IWsa. Chili— Under this 
name M riaohrec ha- given (Cum/it, muL. Ixsvi, r>7l) a description of a hreceinted 
in ni from tin- ennlilleva ..(' lw.a, near Simiiug... linniircd in 1807. It closely re- 
sembles the iron lomul in 1810 at llotiialga. in tlie Desorl of Talcahuayo, in Chili. 
It contains 2-4 per cent, of silicate, « liicli has been chemically examined by Umnier. 
(SiU. Wim Ait., lxi.). 

(8). 1866. Iron (Brit Mus. Coll.). Juneal, Cordilleras of Ataeama, Chili. 

(9). 1864. Sidrrotitt (Berlin Coll.). Ataeama, 50 miles from Copiapo.— It 
appears probable from the rough description of the locality that this mav De the 
Fame meteorite a* tin:- one mentioned under >"o. t, although the dates do Dot corro- 
spond. In that ease J. I,. Smith's view of Ihe identity in eh; nailer of the meteorite* 
will have In be extended hi Xos. 3. 4, and 9. 

(10). 1870. Iron (Vienna Coll ). Himne, Desert of Atacama, Chili. 

(11). (No date). Sidcrolilrt. Taltal, Desert of Atacama.— J. Dnmeyko (Compt. 
rtnii., Iviii. 551) describes seme masses of considerable si/,e on the high plateau of 
the Desert near the copper mine of T alt ill, south of limbic. The spflc, gravity of a 
fragment was 5 '64. 

(12). 1863. SUtrfllilt (Vienna Coll.). ('opiap". Chili. -Hesoritied by Haidinger 
(Sil:. Wttn Alad,, jlis, 400), ns a coarsely granular brocoiated meteorite The 
nickel-iron, accutilinc <■■ Von Ha nor, consists of : Fb = 93 ; Ni = 6'4. 

(IS). 1859. 7ronf Toeonado, Desert of Atacama— J. J. tod Tschudi, writing 
under the above date to Haidinger (Si':. ITitn Ak*d., Jtlix. 494), mentions a meteoric 
mass, weighing 80 arobas (HI owt), which lies 20 leagues N.E. of Toeonado. He 
*tates that it agrees in structure and appearance, with the Ataeama iron lying 50 
leagues sooth want 

1 G. Rose. Abdruct aus der Festschrift der Gesell. Xaturforscb. Freunde in 
Berlin, 33. Berlin i Diimmler, 1873. 
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been made of it, three by A. Raimondi, of Lima, and one by Rommels- 
berg, that last quoted, with the following results : 

The insoluble constituents of IV. were : iron 3-17 ; nickel 0"37 ; 
phosphorus 0*05 ; and a residue, that withstood the action of 
hydrochloric acid, 0'07. 

The attention of the reader will be raised by the unusually large 
per-centage of nickel present in this meteorite, it being as high as, or 
higher than, that of the aerolite of Shingle Springs (see page 13). We 
saw that the American iron, and the one from the Cape of Good Hope, 
found at the end of last century, resembled each other not only in the 
quantity of nickel in the alloy, but in the fact that neither of them 
developed figures when etched. The Peruvian iron forms a third 
example of this class, for it also shows no Widmannstiittian figures : 
by treatment with acid it takes a pale grey colour, and is dull. In 
lieu, however, eight fine straight parallel stripes, singularly unlike 
any markings usually observed, are seen to traverse the etched sur- 
face, almost directly across the greatest length of the block. Four 
of these crossing near the middle of the surface appear to be 
equidistant from each other, like lines on ruled paper; the remaining 
four lie in pairs, one on the right, the other to the left of the group 
of four, the whole number, as stated, being in parallel position. 
The spaces between the members of the first pair and of the second 
pair respectively exhibit for some distance the same lighter surface 
that gives prominence to the stripes themselves. These stripes do 
not appear to be in any way connected with the ridges on the outer 
surface, and though evidently brighter than the face generally when 
seen in certain directions, are duller than it when viewed in others. 
Very similar stripes were noticed on the Cape iron ' already men- 
tioned ; in fact, till Rose made these observations, it was the only 
iron which was known to exhibit such phenomena. As to their 
cause, the author has not advanced any explanation beyond attributing 
them to the position of the small particles composing the stripe. 
They present some of the characteristics of the plates of beam-iron 
observed in the Atacama and many other irons. 

This iron apparently contains no Bulphur, and the sections of little 
inclosed crystals, such as those met with in the Capo iron, which 
Baumhauer believed to be of pyrites (FeSi), but which Rose main- 
tained were of magnetic pyrites, were in vain sought for. 

Two plates, copied from photographs of the aerolite, are 
to the paper. 

It rarely happens that Widmannstattian figures are developed in 

on Bauinliauer. 
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tain in g more than nine per cent of niokel. With a know- 
ledge of the difficulties attending the complete separation of nicka! 
and cobalt from iron and of the different action of the re-agento, 
employed to bring those metals into solution, on the phoBpiiids*, 
rich in nickel, which frequently accompany them, it would not Is 
advisable to lay too great stress on the results of earlier analyses of 
meteoric iron.- as pointing to any general conclusion when tho details 
of the processes made use of cannot likewise bo studied, 
worthy of note, however, that the irons mentioned below, with fa 
per-centago of nickel found in them, give lines occasionally, but u 
figures ! 

Oktibbeha Co. = 99-89; Caille-17-37 ; Babb'a Mill = 17-1, M*T, and W 
Howard Co. (1862) - 12-94 ; Ataeama (1862) = 11-5; Krasnojarak = 10-7; 
Tucuman = 10-0 i Livingstone Co., Kentucky = 10-0; Encat*cas = 9-89 ; u 

HilimiiiM ■O'tl 

While the following irons exhibit them in great perfection : 

Elbo£en = 8*fi; Lion Rivcr = 6-7; Lenart6 = 6-65; Madoo = 635; SeTierCo.: 
6'5 and 5'8; Schwetz = fi-77; Tsibare ^S*G9; Cambtia = 5 , 7 and 6-0; AahenTli 
cfi-0; Cohahuila = 3'53; and Ruff's Mountain =3' 12. 



Meteoric IronB found August, 1870. — Ovifak (or ITigfak) near 
Oodhavn, Kekertarssuak or Island of Disko, Greenland [Lat. 
69° 19- 30" N. ; Long. 54° V 22" W.] ' 



The interesting story of the discovery of these enormous masses 
by Prof. Nordenskjold is already known to the readers of 
Geological Magazine through a translation of his original memoir. 
While exploring in Danish Greenland in 1870, his attention was 

1 A. E. Nordenskjold. Rodogoreferj I'iir en I'vpililion till Gri Inland ar 1870. 
JT. Vet.-Akad. Fork,, 1870, 873. (See translation m Geol. Mag., IX. 289, et «$.) 
— D. Forbes, Ahslme.t (h-ol. .Sue, No. 2SK, November 8tb, 1871. Chem. JVeuj, 
November 17th, 1871. — A. E. Nunkn-k ji"Jil. KoiiKirk" on (jm-uhnid Meteorites. 
Atutract Geol. ,%e„ JJo.-i.-uiljui- 2!)th, ISTl'.— T. Nordstrom. Op. Vet, Akad. Fork., 
1871,463. See also Geol. Mao., VIII. 670, nud IX. 88.— A. E. Nordenskj bli 
Lea Meteorites. Kcvue Seienlifiqut, 1K72, ii. [21, 128.— G. A. Dauhree. Compl. 
rend,, liiii. 1268. Vompt. rend., Imi, 1543. VompL mid., kxv. 210. E. Ludwig. 
Mia. Mitt., 1871,i. liiil.— K.lli'li.-M. S(';m.v; ; i..-.l; l '.n]. J ( . Krawe, l-Vbriiiiry 5th, 1872. 



1169. Amer.Jo. 

::, Giiltiiit>tn, lis 1 2, No. 11, 107. Pugg. Am:., e.xlvi. 2U7. Ann. dor Chem., cLriii. 
247. Ifachricht. K. Qessil. "7«.«. ;>< GMKuij-ii, 1ST-. fso. 20. Aim. dcr Chem., eliv. 
313.— G. Rose. Zeit. Beulsch. Qeol. Geieil., iiiv. 174.— G. von Helnierssen. Zeit. 
Deuteck. Geo!. G-.silL, xiv. 347.— <-'. Ii:minn:Ut>! ri.-. I.'ilh.i' die M i-I.eoriten (Sim, 
wiss. VortrtigA, pages 14 and 18.— C. \V. Hlimistvimil. Bir. Tlrutsth. (Jl.,m. Genii 
iv. 987.— G. JfiHitklioif. fiviitka Vet. Ah,d. HundL. Its72, i. No. 6. Ber. Dttitich. 
Clii.m. Gesdl., vi. 1463. Mintraleghehe Miifheihtngr-i, 1874, 109,— G. Techermai. 

Miniralogisdie MmhtilniujeH, 1S74, 165. Dtr Naturfor acker, 1874, Nos. 49-52. 

For a map of Disko Gee Geographical Mag., February, 1876.— J. Lawrence Smith 
Centpt. rend., Ixix. 301. 
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directed to the possibility of meteorites bang met with in Disko Island, 
by the accidental discovery of a block of meteoric iron in some 
ballast which had been taken in at the old whaling- station at Fortuna 
Bay, near Godhavn, and he urged the Greerdanders to search the 
district for masses of that metal. He proceeded to explore Omenak 
and other islands north of Disko, and, on hia return to Godhavn at 
the end of August in the same year, not only learned from the 
Greenlanders that masses such as he was seeking for had heen found, 
but he was shown a specimen of meteoric iron in confirmation of their 
statement. The masses were discovered, not at Fortuna Bay, but further 
westward along the shore, at Ovifak, between Lnxc-bugt 1 and Disko 
fjord, a spot than which there is none more difficult to reach along 
the whole of the coast of Danish Greenland, as it lies open to the 
south wind, and is rendered inaccessible by even a very moderately 
rough sea. Nonlcnskji'iM at .nice chartered two whale-boats, manned by 
Greenlanders, and set sail for Ovifak, when 1 , the sea being calm, they 
were able to land, and the stone at which they lay to proved afterwards 
to be the largest block of meteoric iron that they were to discover. 

For the description which Nordonskjiild gives of the condition 
under which these masses are found, we refer the reader to the 
Gkologioal Magazine, and proceed to consider the more recently 
published report of NauckhofF, the geologist of the expedition 
of 1871, of the peculiar geological characters of the rockB at Ovifak 
(Blafjell, or Blue Cliffs) with which they aro associated. 

The surface of the south-western and western portion of the 
island of Disko is composed of basalt, which extends as far as 
Smith's Sound, and was probably erupted in Miocene times. In only 
a few points of the island, Godhavn, the islets of Fortuna Bay and 
Nangiset, the primitive rock is observed. It consists for the most 
part of slaty gneiss, [Kissing over in sonic places into mica-schist 
and often traversed by veins of pegmatite. Granite was nowhere 
seen. 

Immediately overlying the gneiss is a basalt breccia of dark 
blackish- green colour, some two hundred feet in thickness. In 
places the large angular fragments are cemented together with 
calcite ; as a rule, however, they are so small that the rock at some 
distance appears homogeneous. Few cavities are observed, and tbey 
are usually filled with calcite, rarely with zeolites. Above the breccia 
lies a bed of basalt-wacke of rust-brown colour, and with amygda- 
loidal structure, the cavities containing apophyllite, chabasite, levynite, 
stilbito, desmine, mesotype, analcime, and other zeolites. Over this 
again rises a bed of basalt of vast thickness, sometimes attaining 
one thousand feet, and of a dark greyish green hue; it occurs not 
unfrequently in vertical regular six-sided columns. The texture is 
generally cry p to-crystalline, though exhibiting in places the char- 
acters of anamesite and dolerito ; the few cavities are filled with 
chalcedony, rarely with zeolites. At Ovifak the cliffs rise to a 










height of 2,000 feet above the sea-level. The upper portion consists 
of compact dark -coloured basalt. Proceeding downwards on the 
nearly vertical face, wo Beo thick beds of red-wacke and basalt-clay, 
until already at mid height the face is hidden by vast screes of 
large and small fragments of basalt. Where the cascades of surface- 
water have removed the finer portions of the talus, and the face can 
be inspected at greater depths between the larger blocks of basalt, 
the basalt-wacke is seen which overlies the breccia. 

On the shore below these screes between high and low-water, 
and within an area of about fifty square metres, twelve large and 
many small iron masses were found. The bix largest weigh 
respectively 21,000 kilog., 8,000 kilog., 7,000 kilog., 142 kilog., 
90 kilog., and 87 kilog. 

Thanks to the kindness of Prof. Nordenskjold, I am enabled to give 
a representation (see Plate) of the largest mass (about 19 English 
tons in weight), which is now preserved in the hall of the Boyal 
Academy at Stockholm. This magnificent block is about two metres 
in length and 1*7 metres wide. The second block, weighing about 
nine tons, has, as a compliment to Denmark, on whose territory the 
meteorites were found, been presented to the Museum of Copenhagen. 
Another of the masses, weighing 195 lbs. 8 oz., has been acquired by 
the British Museum. The aggregato weight of metal collected by 
the Expedition amounted to 36,700 kilog. The woodcut, repre- 
senting the three largest blocks, is from a sketch made by Nordstrom 
in 1870. 





For the earlier account of the discovery of these masses the reader 
; ° referred to Nordenskjold 'a memoir, 1 and Nordstrom's paper. The 

pedition of that year, 1870, having no means of bringing such vast 
masses to Europe, a new expedition was equipped by the Swedish 
Government in the following spring, consisting of the gunboat 
"Ingegerd," Capt. P. W. von Otter, and the brig " Gladan," under 
the command of M. von Ertisenstern, who brought the meteorites to 
Denmark in September, 1871. 



Gbol. Mau. 1872, Vol. IX. pp. 461, 462, and Plata VIII. 
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Nauckhoff i: 
about 2001bs. i 



bis paper draws attention to one remarkable 
1 weight, which lay three feet below high 
On the under-side it was covered with basalt grains, cemented to- 
gether with hydrated oxide of iron, and consisted of coarsely crystal- 
line iron, containing much carbon, and whicb readily weathered. 

Sixty-five feet N.E. of the spot where the largest block lay, a ridge 
of dark brown basalt-like rock cornea to the surface. Through its 
superior hardness it had withstood the denudation better than the 
loose basalt- wack 6 on either side of it. It is soon lost to sight, but 
reappears to take a direction towards the spot where the large iron 
lay. The rock forming this ridge resembles ordinary compact 
basalt, and is of finely granular texture. Near the margin it be- 
comes crypto -crystal line, and is seen nnder the microscope to 
consist of labradorito, greenish-brown angite and black grains of 
magnetite. It will be found, when we come to speak of the analysis 
of the rocks accompanying this iron, to accord in composition with 
the basalt itself. It differs from it, however, in having the presence 
of two accessory constituents which are disseminated through the 
parts forming the edge of the ridge, and are: a greenish hydrated 
ferrous silicate resembling hisingerite, and a yellowish brown iron 
sulphide. The analyses of the former mineral, it will be seen in the 
sequel, show that it is no! identical with the ehluriiphasite so often 
occurring in basalt; the sulphide completely accords in composition 
with tha troilite of meteorites. The columnar structure, so often 
found in basalt, was not noticed, the cracks occurring near the sides 
npprnring to be all parallel to the margin. The surface of a freshly 
broken fragment displays peculiar smoothness and lustre. On the 
east side of this ridge, ami in (he solid rock, a piece of much -weathered 
iron was found indosed by Xrineklioil": while anofhor member of the 
expedition, Mr. J. Steenstrup, detected metallic iron on the west side of 
the ridge. An analysis of this iron, apparently of the same kind as that 
analysed by Liiidstroni, will be referred to later on. While blasting 
this basalt, a rock was bit upon which was at once seen to differ con- 
siderably from the matrix. It consists of a greenish ground mass, 
inclosing spangles and grains of iron, and occurs in rounded masses 
that are separated from the basalt by a coarsely crystalline greenish 
shell, about 20 mm. thick as well as by an outer rusted brown 
crust. The boundaries of these masses were well defined ; in no 
instance were they d>.' to clod passing over into the basalt. 

The masses of iron lying in the basalt ridge bad usually an ellip- 
soidal form and a rusted crust, which allowed of their being easily 
detached from the basalt. Kauckhoff succeeded in removing sis 
lumps, the aggregate weight whereof was 150 lbs. This iron is 
hard and crystalline, exhibits Widmannstiittian figures, and is in 
every respect like that of the large loose blocks. Moreover, like 
them, it unfortunately possesses the property of exuding a yellow 
liquid (ferrous chloride), and of weathering away. It was noticed 
that these inclosed masses had their major axes parallel to the direc- 
tion of the ridgo, and that they were in a way connected with each 
other by little veins of weathered iron. 
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Nordenskjold states that the largo free blocks of metal had a tombac 
to rusty-brown colour, and, when found, exhibited metallic lustre 
on parts of their surface. Here and there, fragments of basalt, similar 
to that of the ridge, were found adhering to them. The inner parts 
contained none of the rock, and his analyses detected the presence 
of little silicic acid. They were strongly polar, the upper surface 
attracting the north, the lower side the south pole of a magnetic 
needle. 

The iron of the large masses is crystalline and brittle, bo that 
pieces can readily be removed with a hammer ; the metal of the 
ridge is tougher, and baa a rougher fracture. The presence of 
troilite was rarely detected in the detritus ; a few black magnetic 
grains were met with which, by their octahedral faces, were recog- 
nized to he magnetite. 

The characters of the polished sections of the different masses 
differ greatly : in some the surface shows rounded areas of varying 
brightness and shades of colour, with parts of a brassy yellow 
(troilite) ; others are more homogeneous, or appear to be made up 
of fine prisms of " earburetted nickel-iron." Some, not all, exhibit 
figures when etched. 

Though containing littlo sulphur, tho Greenland irons, since they 
have been brought to Europe, have shown a marked tendency to 
crumble to pieces. On the shore at Ovifuk, so mo times exposed to the 
wash of the waves, sometimes left high and dry, but preserved 
at the constant temperature of the sea, which varies little throughout 
the year, the masses apparently underwent little change. Already 
during the passage, however, many fragments crumbled away, and 
when unpacked at Stuck! 10I111 two mouths later, and placed in 
a room of ordinary temperature, others broke up into a reddish 
brown powder. A freshly fractured lustrous surface of one of the 
masses began to rust at one place, expand and crumble away; 
while the remainder experienced no change, till at length the oxida- 
tion extended into tho interior and the whole fell to pieces. In a 
hermetically sealed glass tube the iron is preserved unchanged ; but 
in another tube with a fine crack oxidation continued. In alcohol 
no change takes place ; in air, dried by sulphuric acid, the change 
is greatly impeded. Attempts to preserve them by coating them with 
varnish were of slight avail. The cracking is caused by dilatation, 
and takes place with such force that masses of metal, on which 
chisel and saw were without effect, are broken and bent out of 
shape during oxidation. 

Nordenskjold found that a fragment of the largest iron, w"hen 
heated to redness, gave off more than 100 times its volume of 
a gas which bad a bituminous smell. It was evidently gas not 
simply occluded by tho metal, but was produced by the decomposi- 
tion of " the organic matter in the meteorite," through the reducing 
action of those compounds on the oxide of iron associated with 
them. When such iron is treated with mercury chloride very little 
gas is evolved ; in aqua rcgia it dissolves, leaving in some cases 
a carbonaceous residue, in others very little residue of any kind ; 



HISTORY OF METEORITES. 

by the action of hydrochloric acid ft gas is given off which has a 
penetrating odour resembling that of some hydrocarbon. By treat- 
ment with acid a humus-like compound appears to be generated, 
which is soluble in ammonia, insoluble in acid, and can be oxidized 
only with difficulty by long boiling with very Btrong acids. 

In Nordenskj old's paper are given the earliest analyses of these 



I. Fragment of one of the large iron mass 
than II. and III. Specific gravity =fi-86— li'3i 
Fragment of iron, mom compact mid less crystalline than I., probably from the 
baawt ridge. SinaU grains were observed to bo malleable. The specimen from 
which this was taken subsequently erumbUid awnv. Specific gravity = 705 — 7-06. 
Analysed by T. JJurdstrom. III. Fragment of iron from the basalt ridge, which 



exactly resembled II. Specific gravity = 
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Nordstrom analysed the carbonaceous residue of the compact iron 
IT., after digestion with double chloride of copper and sodium, and 
iron chloride, and found, when a quantity of ash is deducted, that it 
's composed of: 

Carbon 63'69 63'64 

Hydrogen 3-28 S'Sfi 

Oxygen [by difference) 33-15 32-81 



These numbers yield no satisfactory atomic ratios, and it is not 
improbable that the carbon is present in two allotropic modifications, 
as well as a constituent of a complex organic compound. 

In 1872 two interesting papers were published by Wu'hler on the 
results of his examination of this iron, especially that from the ridge. 
The specimen he chose for examination came from a vein of metal 
several inches wide and some feet in length, which was inclosed in 
a rock " that presents a mailted difference in composition from the 
basalt breccia whence it protrudes." He describes this iron as 
bearing a close resemblance to grey cast iron ; it has a bright lustre, 
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is very hard, is quite unalterable in air, and has a specific gravity=: 
6-82. Nordenskjold, as we hare seen, extracted gas from the metal 
of the larger masses by heating it. Wobler finds that the iron 
of the vein evolves more than one hundred times its volume of a gas 
that burns with a pale blue flame, and is carbonic oxide, mixed with 
a little carbonic acid. The " iron," in fact, oontaios a considerable 
amount of carbon, as well as a compound of oxygen ; and, according 
to Wuhler, can at no time have been exposed to a high temperature. 
After it has been heated, the iron becomes brighter, and, though more 
soluble in acid, it still leaves a carbonaceous residue. A fragment 
heated in dry hydrogen, with a view to determine the amount of 
oxygen present, formed a quantity of water, and lost 1T09 per cent 
of its weight. "It contained, in other words, 11*09 per cent- of 
oxygen." It is not stated whether the water corresponded in weight 
to that amount of oxygen. Hydrochloric acid acts very slowly and 
imperfectly on this metal, evolving first sulphuretted hydrogen, and 
then hydrogen possessing the odour of a hydrocarbon, and leaves a 
black granular magnetic powder, which, though insoluble in cold 
acid, generates on the application of heat a gas with a strong odour 
of a hydrocarbon, leaving a residue of amorphous sooty carbon and 
slightly lustrous graphitic partioles. In iron chloride the " iron " 
dissolves without evolution of gas, about 30 per cent, of a black 
residue remaining, which, ufter having been dried at 200 a C-, lost by 
ignition in hydrogen 19 per cent, of its weight, water being pro- 
duced. It is now very readily attacked by acid, evolves sulphuretted 
hydrogen, and gives a residue of nearly pure carbon in powder or in 
graphitic scales. Iron chloride and aeid appear, therefore, in the 
main, to remove the free metal only, and to be without action on 
the compounds with sulphur and oxygen. The ultimate composi- 
tion of the specimen he analysed is as follows : 

Iron 80-64 ) Sulphur 2-82 

Nickel 1-19 Carbon 3-69 

Cobalt 0-47 Oiygen 11-09 

Phosphonu 0-lfi I 

109-05 
Wobler was disposed to regard the oxygen, constituting so consider- 
able a portion of an apparently metallic mass, as present in the form 
of a diferrous oxide, Fe,0, were it not that, according to this view, 
there would be no iron provided for combination with the sulphur 
and carbon. As, however, Nordenskjold found magnetite in or near 
other Ovifak irons, Wobler regards that constituting the veins as an 
intimate mixture of magnetite, of which thero would be 40-20 per 
cent., with metallic iron, of which there would then be 46-60 per 
cent., the sulphide, carbide, and phosphide, as well as the alloys 
with nickel and cobalt, and some carbon in isolated particles. The 
latter probably undergo no change when the magnetite and carbide, 
by the action of heat, generate carbonic oxide. 

A specimen of the iron from the basalt has also been investigated 
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byDaubree; bo doscribes it as having a mrtallit.- lustre and being 
nearly black. Flo found its couiponition to bo; 

Iron in the free state 40-840 

Iron in cnruhimlinn 30150 

Carbon in [bo tree state 1*640 

Carl*.: in i .in j, in i. .11 3-000 

Nickel 2-660 

Cot>nlt. 0-fllO 

Phosphorus... 0-210 

Arsenic 0-410 

Sulphur 2-700 

Silicium 0*076 

Mifro|[en 0*004 

Osygen .... 12*100 

Water (bygronietnc) 0-910 

V?at«i ia combination 1-060 

Cbn.nuo.iD, Copper, etc 1-010 

Calcium t>u"phate, chloride, etc. 1-364 

100-013 
In bis second paper he gives analyses of two more specimens : 

II. Light jrrcy inm, pii-vMnirij, - metallic Io.-!tv. It i- rmt lumiiigoncoia, aa it 
might, be assumed In Ik- iiii'ii il- ]u-"ie end culi'iir. M'hen crushed in a mortar, it 
is divided into two parts : the one crumbles to line powder, the other is flattened 
into plates, requiring ranch trituration to break them up. III. Metallic grains 
mechanically separated from the rocky portion in which Ihey wen 1 distributed. 
These spherules eihibit figures, when etched, and eontniu .-ilie-iie .lisli ibuted in very 
fine pieces throughout their mass ; in one lounileil )i-;iL»mi n; the t-ilieic acid of this 
silicate amounted to 1 1-U per cent, .it the total constituents. 

II. III. 

Iron in the free stale ... 80-800 ... 61-990 

Iron in combination 1-600 ... 8*110 

Carbon in the frcestate 0-300 ... 1-100 

Carbon in combination 2*600 ... 3600 

Silieiuni 0-291 ... — 

Water 0-700 ... — 

Calcium chloride 0-233 ... 0-1*6 

Iron chloride 0-089 ... 0-114 

Calcium sulphate 0-063 ... 0-047 

Copper trace. ... trace. 

It will lie seen tbat in specimen III. the amount of carbon is the 
same as in I., and that specimen II. also contains a considerable 
quantity. Specimen I. is distinguished from II. by a large propor- 
tion of combined iron. By treatment with alcohol, calcium chloride 
is extracted aud determined in I. ; with cold distilled water, the 
soluble ealtB were removed from II. and III. I. contains more lime 
sulphate and less chloride than II. and HI. 

These meteoric masses are distinguished by the amount of carbon, 
free and combined, which they contain ; by the presence in them of 
a large proportion of iron in combination with oxygen, but in what 
state of oxidation is not clearly ascertained ; and by the occurrence 
of soluble chlorides aud sulphates, especially calcium sulphate, 
throughout their structure. No salt of potassium has been detected 
" i them, nor, which is very remarkable, has sodium chloride been 
found, although carefully sought for. The intimate distribution of 
these salts throughout the Ovifak iron is certainly an indication that 
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they must be numbered among the original constituents of these 
meteorites. 

Daubree noticed that specimen II. showed a marked tendency fo 
absorb water and to rust away ; a few days sufficed to make this 
apparent. The local nature of the oxidation ho attributes to the 
irregular distribution of the deliquescent salts. Among these com- 
pounds, instead of iron chloride, to the action of which the 
decay of meteoric iron has usually been ascribed, calcium chloride 
appears to play the most prominent part. In support of this view 
it may be remarked that No. II. iron, the one most liable to change, 
is that which contains the greatest proportion of this salt, the amount 
lieing six times that met with in No. I. iron. 

Calcium and magnesium sulphates were noticed by Daubree to 
form constituents of the Orgueil Stone, and the latter salt is also 
present in the aerolites of Kaba and Alais. All these are carbon- 
aceous meteorites. May the calcium sulphate of these irons, as well 
as that of the above-mentioned aerolite, be a product of the oxidation 
of a calcium (magnesium) sulphide such aB occurs in the meteorite of 
Busti, which stone also contains, among other constituents, augite 
and metallic iron? 

The greater stability which these masses exhibited bo long as they 
were in polar latitudes is no doubt due to the reduced tension of 
aqueous vapour ; had they fallen in regions further south and been 
exposed to a milder climate, they would without doubt have long since 
fallen to powder. 

In his second paper Wiihler points out the probability of the No. IL 
iron which Daubree examined being of the same kind as that 
which he himself analysed. He remarks that, although Daubree 
found this variety of the metal to show a tendency to oxidize even 
in a few days, his specimen had remained bright and unchanged 
after it had been a year in his collection. 

Nauckholl. whiistj exhaustive examination of the rocks associated 
with the Ovifak irons we shall immediately turn to consider, analysed 
the spangles and spherules which can be removed by a magnet from 
the rock that occurs in rounded masses in the basalt ridgo, and of 
which the composition is given in the table of his analyses under III. 
Some of these spangles could be pulverized only with difficulty, and 
were readily flattened out; the spherules, though so hard that a 
sharp steel file would scarcely touch them, were easily crushed. They 
had the following composition : 



Jron 58-25 


l'lmsplmric acid trace. 


Nickel 2'16 


Alumina 1-46 


Cobalt 0-30 


Nickel and Cobalt ox idea 0-44 


Copper 0-13 

Hydrogen 0-28 


MugrifsiK 0-33 


Carbon 1*64 


Soda '.'.'. '.'.'. .'.'. '.'.'. 009 


Sulphur 0-16 


TotaEh trace. 


Chlorine 0-16 


Residue 6*07 


Magnetite 30-43 




Silirio acid 0-26 


102-84 


In the basalt of the ridge, of which an analysis i3 given under II. 


in the same table, a compact, very brittle, yellow, or slightly brown 
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mineral occurs in thin flakes, sometimes in nodules of the size of 
a pea; it is invariably penetrated and usually surrounded by 
a mineral resembling hisingerite, to which attention will presently 
be directed. The mineral has a hardness of 5 to 5-S, and easily 
fuses before the blowpipe with evolution of sulphurous acid to a 
magnetic regulus. It has the composition : 



Iron 52-9* ... 57-91 ... B-088 | „ „- Q 

Nickel 5-06 ... 5-63 ... 0-190 j^ 09 

Copper traoe. ... trace. ... — 

Sulphur 33-41 ... 36-56 ... 2-285 

Silicate 8-59 ... — ... — 

100-00 100-00 

Thesenumborsgive the formula (Fe,Ni) S,or that of theiron (nickel) 
monosulphide or troilite, which has hitherto only been met with iu 



Intimately associated with the troilite, and evidently a product 
of its oxidation and further alteration, is the mineral already men- 
tioned, the fresh fracture of which is of a light olive-green colour, 
which by exposure to tho air soon becomeB brown, and after some 
days turns quite black. 

Its specific gravity is 2-919, and composition : 



Silicic acid 
Iron sesquioxide 
Iron pn ii..i.\ i J..' . . . 
Water 



(■'lyjr'.-n 



These numbers indicate the formula : 

FeO,SiOj+3(2Fe,O a .3SiOJ+MH 1 
as that of the mineral. Nauckhoff, however, draws attention to tho 
rapidity with which the oxidation of the pulverized mineral takes 
place : five days after the analysis was made the per-centage of iron 
protoxide in another portion had fallen to 3-47, and after three weeks 
to 1*55. The original unchanged mineral was probably a hydrated 
ferrous silicate. 

The following rocks from Disko Island have been examined by 
Kauckhoff: 

I. Section of si sis-sulcd ha.-alt column (mm limliibil. r:!.T -lib- of Skiirfvcfji'll, 
and about 10' E. of (iodhavn ; hliowing compact ilurk givvhh -green ground-mass 
with crypto- crj-stiil line ti'sture ; under tin; micro-i-upo cry sf ills of n fel-pav, augito 
and magnetite are recognized. Fusible before the blowpipe. — IT. Ilasalt. from Ibo 
east aide of the ridge at Ovifnk, where the irou ami breccia were found. Fusible 
before the blowpipe.— III. Rock occurring in rounded masses, with green foliated 
CTuat, in the basalt ridge, ami in ■■ I ■ -.- Ln ;r npunglcH mul -pin rules ot iron, some 6 — 7 
mm. in diameter; lht-so exhibit W'iilrnaiiri'.tiiitifin iigurcs. Appears to be a very 
finely granular mixture of a 1-l I ^]jh r uilh a small aim unit of a green mineral, prob- 
alily augite, and imperfectly crystidliml magm'titc, which bitter usually surrounds 

tin- spangle- of in in ; olivine is nuly oeeasi II v nn.t with, in grains the ante of a 

pea. Melts with difficulty before tin '■■ I ■■■■-■ r ■ i ■■■■ . IV. Wry hard brown- coloured 
mass inclosing rock in which ir.m -['iin^b- art- louinl : ir. rlo-ek i,~< mhles III. The 
ground-mass consists of a felspar, probably anorthite, the crystals of which are 
occasionally large, and show marks of twinning, and a great number of reddish 
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octahedra closely resoinbliii;; spinel. Small particles of a greenish mineral of the 
appearance of cm^iti; arc also tn W distinguished. Spangles of iron nre very rarely 


found in th« felspar 
the blowpipe. — V. 


; ami magnetite is a|j]iarent!v ab-ent. Melts very slowly before 
Rounded lump of irrov rock from the basalt ridge ; it was 


covered with a dark green vesicular crust, fr lii to 20 mm. thick. Through the 


ground-mass, which appears to consist of n felspar, were disseminated numerous 
brilliant greyish scales, besides some very bhiek magnetite nr graphite. Augita 
sparsely distributed ; abundance <>i rid spim 1 in smut [mm. nunc- in others. Melts 

with great dilliculty before tin 1 blowpipe. — VI. Tin; dark greenish -brown crust of 
V, closely resembling that of the rounded musses III. It consists of a felspar 


inclosing a brown and a green ane/ite-like mineral, and, in places, clusters of 


granules of spinel. Melts with great difficulty before tin 1 blowpipe.— VII. Light 


grey foliated rock from I Isifak, J Uf evact circumstance* <>( the occurrence of which 


are not known. The ground-mass consists of a mixture of a felspar with a grey, finely 
foliated mineral with graphitic lustre. Red spinel is met with abundantly in both 
constituent minerals. This variety of rock, like those from the ridge, i« 
covered with a rust-like crust. It breaks easily, mid alwavs parallel to the scales. 
Before the blowpipe it melts with dillii ulty on the ed.iri's.— V 111. Compact, alightly- 


weothcred breccia, lilling :i fissure tw.i to three inches «iilf: in the basalt ridge , 


parallel to which it runs. It is a black p-mml'ir inns-, devoid fit metallic lustre, and 
incloses fragments, some with cdjres sharp anil angular, ethers with the corners 


rounded, of a ruck exactly like that lorming the ridge. — IX. Loose, mlich -weathered 


breccia, from the top of the ridge, in irregulnrlv-shaped i raiments. It can b« 


broken in pieces with the hand, in much Misled, aiid closely resembles the product 
of tha oxidation of the metal block*. Like the i invert ini; specimen, it incloses 
rounded fragments of the rock forming the ridge. The specific gravity is about 
midway between that of iron and n[ magnetite. — X. The broken-up basalt, resembling 
that of the ridjre, inclosed in the weathered breccia IX. 




I. 


II. 


in. 


IV. 


V. 


VI. 


VII. VIII. 


IX. 


X. 


49-18 


48-04 


42-72 


34-72 


36-59 


44-94 


37-92 1-04 


Ml 


tt'H 


Titanic acid ... 


0-fi2 


0-39 














c-.it 


Phosphoric acid 


0-13 


007 










— j 0-12 


012 




Iron aesquioxide 


5-62 


6-89 


1-64 












16-is 


Alumina 


13-62 


13-13 


1601 


31-83 


19-18 


22-20 


32-36 


2-31 


2-92 


[Ml 


Chromium oxide 


Magnetite 
















52-51 


77-39 




Iron protoxide . . 


10-31 


11*14 


14-27 


553 


14-86 


9-46 


4-02 




— 


id-Ii 


Manganese ) 

protoxide )"' 
Nickel and 


0-28 


0-11 


trace 


- 


0-2B 


- 


0-19 




— 


U-J-i 


Cobalt oxides. 


























6-17 


7-93 


9-35 


7-24 




2-86 


0-02 




6-41 




11-5] 

1 il 
008 


1087 
0-26f 


111-10 

1-6S 

0-13 
4-57 

0-30? 


1019 

1-00 
0-27 
0-09 

0-29 P 


8-73 
0-79 

6-01 
0-26 

0-31 F 


11-01 
1-86 
0-06 
1-11 

0-31? 


11-67 
1-48 


0-30 
0-08 

2M-36 
1-22 
0-30 
0-08 


0-20 
011 

7-73 
1-9! 

0-33 


7-W 

1-M 

« 

trw* 














0*30 F tre* 




0*24 f 0-38 


0-61 


Oi.l 




— 


0-79 


0-30 
0-32 
0-08 


0-63 
0-12 


2-6(3 


3-36 


6-90 3-52 
0*77 0*34 


2-33 
014 


tree. 
0-M 






0-20 trace trace 


Water 


ii :n 










- - 






Besidne 

Specific Gravity 


- 


— 


'- 


— 


-~ 


- - :e, ; , 


3-71 


- 


UJIHJI 


100-72 


100-46 


BS-B0 


pri ■((■_> 


99-47 98-39 100-39 


99-23 


9S-41 


3-oi a 


3024 


3169 


3-0*3 


3-141 


2-927 2-761 ! 4-660 1 6-670 


;i;<> 


" 



' METEORITES. 

Tscbennak examined two microscopic sections of the Ovifnk rocks, 
and compared them with sections of the meteorites of Jonsac, 
Juvinas, Petersburg, and Stannern, which consist chiefly of augite 
and anorthite, with little or no nickel-iron ; they form a class which 
G. Rose termed 'cucritic.' Both sections exhibit a cruet, aa meteorites 
possess ; it is, however, so altered by oxidation, that it is not possible 
to determine whether it is the fused crust usually noticed on a 
meteorite. The crystals of tVlspar, which. according to NauckkofTa 
analyses, must be regarded as anorthite, are fully developed ; they 
penetrate the augite, iron, and magnetite, and must evidently have 
been formed before them. They are completely transparent, and 
have but few and large cavities, which are filled, partly with black 
granules, partly with a brown substance of irregular form; some 
traversing the length of the crystals are filled with a transparent 
glassy substance. The augite is of a light greenish -brown hue, 
traversed here and there by flaws ; it fills gaps betwoen the other 
constituents, as has been often observed in dolerites and diabases, 
and encloses individual blnck grains. In tho section containing iron 
the colourless felspar encloses a black or brown substance running 
the length of the crystals, or dusl-liko line black granules, or larger 
round transparent bodies of a violet colour, which may be the 
mineral Naucklioll' regards as spinel. Side by side with tho felspar, 
brown grains, less numerous than in tho former section, are seen, 
and these are probably augite. Black particles, moreover, occur, 
which by reflected light appear to bo semi-metallic, and are probably 
magnetite, as well as others that are likewise black, but devoid of 
lustre, which seem to bo graphite. A few small grains of troilite 
were also recognized. In the second section, which lore a general 
resemblance to the first, tho felspar crystals were larger, the 
matrix being made up of finer crystals. In some of the felspar 
crystals cloudy pale brown patches were observed, which, when 
viewed with a higher power, were found to be due to numberless 
minute elongated inclosed granules lying in parallel position, or to 
others that were shorter and more rounded. These appearances recall 
those noticed in eucritic meteorites, like that of Jonsac, except for 
the fact that the inclosed particles are of smaller size. The larger 
cavities in tho felspar are filled in the same manner as in the other 
rock section from Ovifak. The structure of eucritic meteorites is 
tufaceous ; that of the Ovifak rock very compact. This distinction, 
however, has often been observed in meteorites. Many chondritic 
meteorites are tufaceous ; while others, having similar chemical com- 
position, like the aerolites of Lodran and Jliinbhoom, are compact 
and crystalline. The augite of the Ovifak rocks has not the charac- 
teristically filled cavities observed in that of certain eucritic meteor- 
ites ; but in the augite of some meteorites, as those of Shergotty and 
Busti, for example, they are equally wanting. 

The meteorites of Ovifak in some rospects rescmblo the carbona- 
ceous meteorites, though they differ greatly from them in other 
characters : especially in the appearance of both metallic and rocky 
wrtions. They form a new type in the series of. metoyevt -cod&a. 



portions. The 
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and fill the gap that has hitherto separated the carbonaceous from 
other meteorites. 

If some differences are to be traced between the remarkable rocks 
and irons of Ovifak and known meteorites, others still greater 
present themselves, when we compare the Greenland masses with 
terrestrial rocks, even with the basalts and diorites, near which it 
might be proposed to class them, on account of the occurrence in 
them of magnetite, and of the crystalline arrangement of their silicates. 
Iron has not hitherto been found as metal inclosed in basalt, except 
on very rare occasions (as by Andrews in the basalt of Antrim,' and 
then only in fine partioler!, and apparently not alloyed with nickel 
and cobalt), while troilite is a meteoric mineral, and has never been 
met with in a terrestrial rock. 

But if the weight of evidence favours the assumption that these 
masses are of meteoric origin, there remain the following considera- 
tions, to which attention has been drawn by Rammelsberg, sup- 
porting the view that they may possibly have been erupted. 

Of the rocks compos inn 1 the globe, the greater portion accessible to 
us have been modified by the action of water. There is one class 
of which this cannot be said : the molten masses brought to the 
surface by volcanos, the various rocks we term " lava." However 
they may differ as regards cousiituont minerals, they have amongst 
them a family resemblance, and it is with them that the meteoric 
rocks may be compared. The old lavas of Iceland and Java consist 
of augite and anorthite, as do the meteorites of Juvinas, Jonsac and 
Stanuern. The "bombs" of the prehistoric volcanos of the Eifel 
are composed of olivine, augite, bronzite and cbromite, minerals that 
are commonly met with in meteorites. Hence arises the question; 
Are these masses, so similar in their litholngical characters to the 
meteorites, samples perhaps of the inner unchanged nucleus of 
our planet? Does the original mass of the earth differ only in 
point of magnitude from the fragments which yield to its attraction? 

The mean density of the earth is greater than that of the minerals 
composing the rocks of the outer crust. The volcanic rocks and the 
meteorites, which in point of chemical constitution are basic, are 
alike denser than this crust. The presence of metallic iron, a 
characteristic feature of meteorites, points to the absence of water 
and free oxygen as one of the essential conditions for their form- 
ation. Terrestrial rocks rarely contain iron, but it is replaced by an 
oxidized form of iron,— magnetite ; only in combination with 
platinum is it found in the metallic state. May the rocks of the 

1 A. E. Reuss detected the presence of iron in some Ilolninian Tumults tiv Andrews' 
method. {Kci»itiott'< I'clursirht it,:~u!l. ffln. h'lirtrhuitiii-n, INS!*, 10-i.) Atameeting 
of the American Asswiiitii'ii fur the Advme mii-nt of Scinier, held at Hartford, J. L. 
Smith {Recue Scimtijique, 1875, June 6th, So. 49, 1167,) maintained the great 
importance of the study of kisultir ror-h- as nrli.nliiiL' »■■■ the only nif-ans of becoming 
acquainted with the mineral constitution of the greater part of the globe. He 
tiill.il attention to the existence of metallic iron and the presence nf nickel and 
cobalt in the basalt of AiiMUtt, nd alind'd lo some researches on which he had 
heen recently occupied which had r.-iuviiii rd him Unit- at tempera tuics which we are 
able to produce by artificial means the oxides of iron can be dissociated. 
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interior of our globe contain this, the most important of all the 
metals, in an uncombined condition? 

It has been pointed out by Daubree that a region like Greenland, 
■where doleritic rocks cover ao wide an area-, appears in a marked 
degree to present tho conditions necessary and favourable for the 
upheaval of masses from very considerable depths. 

Another phase of the question to which bo directs attention 
should also be mentioned. It appears not improbable that the basalt 
of Greenland, which contains more than 20 per cent, of iron oxide, 
may during eruption have undergone ivduviion such as he imitated 
in his laboratory some years since. Tins theory is the more ad- 
missible from the fact that in the region under consideration, between 
Lat. 69° and 72°, numerous large beds of lignite, as well as graphite, 
occur, especially in the island of Disko, in which Ovifak is situated. 

In a paper on the anomalous magnetic characters of iron sesqui- 
oxide, prepared from meteoric iron, recently communicated to the 
French Academy by Dr. Lawrence Smith, he announces that the 
investigation of this iron, on which he is at present occupied, has 
convinced him that the Ovifak metallic masses are of terrestrial 

The fact, observed by Nordenskjiild and Wiihler, of the evolution 
of a large amount of gas by Ovifak iron when heated, led these 
observers to the conclusion that it could never have been exposed to a 
high temperature. Tsehermak, however, points out that this phe- 
nomenon has only been observed in experiments conducted at ordinary 
pressure; and it must not be forgotteu, he maintains, that these 
masses, though surrounded by a heated medium, were at the same 
time subjected to the superiuoutnbeut pressure of a vast layer of 
fluid basalt. They may, moreover, have originally had a different 
composition, anil the oxygen, which plays so essential a part in the 
gaseouB evolution, may have been taken up subsequently during ex- 
posure to tho atmosphere. 

Daubree draws attention to a reaction, mentioned by Stammer, and 
thoroughly investigated by Gruner, 1 that, in the presence of iron 
oxide, or even of iron under certain circumstances, carbonic oxide 
breaks up, depositing carbon, partly in combination with iron, partly 
in intimate mixture with iron oxide; anil that this reaction, which 
has been found to occur at 400°, does not take place at very high 
temperatures. 

Nordonskj old's paper is illustrated by a plan of the shore at Ovifak, 
where the irons were found, and by a sketch made on the spot by 
Nordstrom of the three largest masses, showing them partly 
mersed ; while in a plate are given representations of seven of 
blocks — one showing very distinctly the manner in which the rr. 
is rent during oxidation. Nauckhoff has appended to his paper in 
the Mttheilungen a drawing of the gangue, indicating the position 
of the smaller pieces of iron and the breccia. Four excellent photo- 
graphs of the larger masses have been published by tho Hof photo- 
graph Jaeger, in Stockholm. 

1 E. L. Grunor. Compt, rani., xxiii. 28', xxw.m. 
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One of the largest blocks, weighing 10,000 lbs., was offered for 
aale in New York for 12,500 dollars in gold, and smaller specimens 
at eight dollars per lb. 

As is well known, implement! of meteoric iron have from time to 
time been found in the possession of the Esquimaux. Some recent 
specimens, inserted in bone handles, from Esquimaux kjcekkenmasl- 
dings, were described by Steenstrup at the Congres international 
d'jlnihropologie et d'Jrrh,'i-i!-vjif pri-hhtoriqnes a Brvxellm (Session 
de 1872). Figures of a number of these implements are to be found 
in the Matiriunr. )>'■">- PhiMo'ire pvimilire et nahirelle de F Homme, 
9 Annee, 2= Serie, Tome IV. 2* Livraison, 1873, 65, the original 
paper with illustrations appearing in the Compl. rend, de la & 
Session, 242, and plates 24, 25, and 26. J. Steenstrup examined more 
than twenty of these implements, and gives drawings of seven of 
them, four of which are reproduced in the following woodcut. 




ftgjy 
Fig. I. is a barbed weapon with iron point ; Fig. II. is a 
set in bone, with a socket of wood; Fig. 3' is an "Ullo," a tool for 
cutting leather ; and Fig. IV. is a knife with a blade of meteoric 
iron, formed like the earlier known implements. Prof. F. John- 
strup, Professor of Mineralogy in the University of Copenhagen, 
determined the presence of about 3 per cent, of nickel in these irons, 
and found them to distinctly exhibit Widniannstattiau figures. 
He believes that the metal has not been subjected to the action of 
heat. It is not a little curious that among the Esquimaux tradition 
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rias'always pointed to the Island of Disko and tho neighbourhood of 
"Waigat, those districts, in fact, whence they procured iron, as the 
area where the earliest settlements took place in Greenland. 1 



Cryoconite found 1870, July 19th — 25th, on inland ice, east of 
Auleitsivik Fjord, Disko Bay, Greenland.— Meteoric metallic 
particles found in snow, which fell: — 1.) 1871, December — 
Stockholm.— 2.) 1872, March 13th— Evoia, Finniand.— 3.) 1872, 
August 8th— Lat. 80* N. ; Long. 13" E— 4.) 1872, September 
2nd -Lat. 80° IT; Long. 15=E. a 

Early in December, 1871, there was a heavier fall of snow in 
the neighbourhood of Stockholm than any that bad occurred there 
within the memory of living persona ; and it presented to Norden- 
sltjold an opportunity of determining whether the snow brought 
oosmical matter to the earth's surface. A cubic metre of apparently 
pure snow, collected towards the end of the fall, left on melting a 
small black residue. From some of this substance, when heated, 
a liqaid product distilled over ; a portion when burnt left a red ash ; 
while a magnet extracted particles which, when rubbed in an agato 
mortar, exhibited ni>'tallic ch:'im<:tei-s. and on being li'teited with acid 
proved to be iron. Although the possibUity must bo admitted 
that this material may have boen derived from the chimneys and 
iron roofs of tho city, already covered with a thick layer of snow, 
the result was sufficiently ink-resting to make it desirable that a 
similar experiment should be tried with blow falling remote from 
towns. For this purpose snow was collected on the 13th March, 
1872, by Dr. Karl Nordcnakjold at Evoia, in Finnland, to the north 
of Helsingfors, and lying in the centre of a largo foreBt. It was 
taken from off the ico of the Rautajerwi, at a spot which is separated 
by a dense wood from the houses of that northern station. When 
melted, this snow yielded a soot- like residue, which under the micro- 
scope was found to consist not only of a black carbonaceous suh- 
Btance, but white or yellowish- white granules, and from it the magnet 

1 Dr. I. J. Uiivc-., i.ho hMlo i'.\p|niur. in ;i ktt.r t" I'm!. Slu'paril (Am. Jour. .In,, 
1866, xlii., 246),'«|iL'iiks ul' u iiaku id [imtcorii: iron v.Li„li hi- ,, brained at Port Foulke 
in 1861 from an Eaijuiiiiaus, wlm had (rarvl'n'.lv prosfrvtid it. and other fragmnita In 
mate (with an i\wj bkuh.j tin; udjif id a knite. Tin-; iron, it wit« stated, had been 
del ached liv nkiiri' ltI ]]iii(~. mid w.i. ■■lit iiii-il iii nil n ]ilni:i; ndlnl K;msuvifc (xtirik 
= knife) 20 miles S. ;md E. oi Cnno York, X. Greenland, in T,at. 76°. This does not 
appear to hi) tlii: same smirr-o oi m.-tal as ilnit d.^a ilifd in ho.-s'.-i Vm/aije tu Baffin's 
May, 1810, 105, as Sowallirk (iron mountain), t,i-tw.-.>n C;i[io Melville itntl (.'aju 
York (Lat. TO 1 VI' X.. fame;. nV .->3' \V\), which is N.W. of Hie latter Cape. 

3 A. E. Noi'ilenskjold. Kiil'i-.ii'ir-l-r t'..r i.'ii l^jii.ditii.n till (.iivmluml ftr 1870, 28. 
(See also Geol. Mag. IX. 360.) Compt. rend., isxvii. 463. Jaur. Frakl. C/iem., 
"~ Fogg. Ann., cli. 154. 
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removed black grains, that when rubbed in a mortar were seen to 
be iron. Here again the material was too small in amount to allow 
of a determination of the presence of nickel and cobalt ; ia other 
words, to establish the meteoric origin of the metal. The Arctic 
Expedition of 1872 presented an opportunity for the collection of 
snow in a region as far removed as possible from human habitation. 
On the 8th August, the snow covering the drift-ice at Lat. 80° N. and 
Long. 13 J E., was observed to be thickly covered with email black 
particles, while in places these penetrated to a depth of some inches 
the granular mass of ice into which the underlying snow had been 
converted. Magnetic particles were abundant, and their power to 
reduce copper sulphate was established. Again, on the 2nd September, 
at Lat. 8CP N. and Long. 15° E., the ice-field was found covered 
with a bed of freshly fallen snow, 50 mm. thick, then a more com- 
pact bed 8 mm. in thickness, and below this a layer 30 mm. thick 
of snow converted into a crystalline granular mass. The latter was 
full of black granules, width became grey when dried, and exhibited 
the magnetic and chemical characters already mentioned; they 
amounted to O'l to 1*0 millegramme in a cubic metre of snow. 
Analysis of some in illegr amines enabled Nordenskjiild to establish 
the presence of iron, phosphorus, cobalt, and probably nickel. The 
filtrate from the iron oxide gave a small brown precipitate, which gave 
a blue head with borax. The portion insoluble in acid consisted of 
fine angular colourless matter, containing fragments of diatoms. 
This dust from the polar ioe north of Spitsbergen bears a great 
resemblance to the remarkable substance, eryoconite, 1 which was 
found in Greenland in 1870, very evenly distributed in not incon- 
siderable quantity on shore-ice, as well as on ice thirty miles from 
the coast and at a height of 700 metres above the sea. The dust of 
both localities bus probably a common origin. 

The eryoconite is chiefly met with in the holes of the ice, forming 
a layer of grey powder at the bottom of the water filling the holes. 
Considerable quantities of this substance are often carried down by 
tho streams which traverse the glacier in all directions. The icehills 
which feed these streams lie towards the east, on a slowly rising 
undulating plateau, on the surface of which not lite slightest trace of 
stone or larger rock masses was observed. The actual position of 
this material, to which Nordenskjold has given the name of eryo- 
conite (Kpvoi ice, and /covvi dust), in open hollows on the surface of 
the glacier, precluded the possibility of its having been derived from 
the ground beneath. 

The grey powder contained a not inconsiderable amount of organic 
matter, which, even at the low temperature of the ice, undergoes 
putrefactive decomposition. A quantity, amounting to from two to 
three cubic metres, which was lying in tho dried-up bed of a glacier 
stream, emitted a very offensive odour, bearing some resemblance to 
that of butyric acid. 



a Expedition to Greenland. Geol. Mao. 



Chlorine 0-08 

Wnl.r (liTiiroBcnpie) 0"3i 

Orpmic mutter and combined 
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"When examined with the microscope, the chief constituent of this 
powder appears to consist of colourless, crystalline, angular, trans- 
parent grains, among which are a few yellow and less transparent. 
Some had distinct cleavage -surfaces, and were possibly a felspar ; 
other crystal fragments, having a green colour, were probably augite ; 
■while other black, opaque particles could bo removed with a magnet. 
These foreign constituents, however, are present in so small a 
quantity that if all the white grains consist of one and the same 
mineral, it may be regarded as homogeneous. The specific gravity of 
this mineral is 2-68 ; the hardness apparently inconsiderable, and 
the form probably raonoclinie. It resists the action of acids: by 
long digestion with sulphuric acid 7-73 per cent., with hydro- 
chlorio acid 16-46 per cent, were dissolved. Lime carbonate was 
not present. According to LtndstTom'a analysis, it consists of: 

Silicic acid 62-G5 Potash 202 

Phosphoric acid 0-11 Soda 4-01 

Alumina 

Iron oxide 

Iron protoiide 

Manganese protoiide 

Lime 6-09 

Magnesia 300 100-12 

This composition corresponds with the formula : 

2B0,SiO ! +Al J 3 ,3SiOj + H ! O. 
The origin of this cryoconite is highly enigmatical. That it is not 
a product of the weathering of the gneiss of the coast is shown by 
its inferior hardness, iiidii-ating the absence of quartz, the large pro- 
portion of soda, and the fact of mica not being present. That it is 
not duBt derived from the basalt area of Greenland is indicated by 
the subordinate position iron oxide w<:u]>tes aiiiung tins constituents, 
as well as by the largo proportion of silicic acid. We have then to 
fall hack on the assumption that it is either of volcanic or cosmical 
origin. 

That dust can be carried enormous distances has been well 
established. Darwin ] refers to instances of dust having fallen on 
ships when more than a thousand miles from the coast of Africa, and 
at points sixteen hundrud miles distant in ii north and south direction. 
If the Greenland dust were volcanic, it would probably have been 
■wafted from Iceland or Jan May en. or some ;is yet unknown volcanic 
region in the interior of Greenland. Nordenskjold found it to hear 
the closest resemblance under the microscope to the ash of 
Vesuvius (1822), and a specimen of that which fell at Barbadoes 
and probably camo from St. Vincent. Looked at in the mass, how- 
ever, it is at once seen that the volcanic ash is of a brownish 
red; the cryoconite is grey. Tho magnet when placed in contact with 
the Vesuvian ash extracted nothing ; out of that from Barbadoes 



1 This paused off when the mineral was 
to a red heat. 

' C. Darwin. Journal of Stuarektt. , 
1870, p. 5 



d to temperatures ranging from II 
. I'ogage of U.M.S. Beagle, new i 
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i I drew magnetic particles, which, however, were not metallic, nor 
did they contain nickel or cobalt. 

The cryoconite, nevertheless, whencesoever it comeB, contains one 
eonstiluent of oosmical origin. Nordenskjold extracted, by means 
of the magnet, from a large quantity of material, sufficient particles 
to determine their metallic nature and composition. These grains 
separate copper from a solution of the sulphate, and exhibit con- 
clusive indications of the presence of cobalt (not only before tlie 
blowpipe, but with solution of potassium nitrite), of copper, and of 
nickel, though in the latter case with a smaller degree of certainty, 
through the reaotious of this metal being of a less delicate character. 
Moreover, ammonia removes from cryoconite a humus-like substance 
that, among other characteristics, in its powers of resisting powerfnl 
oxidizing reagents, closely resembles the organic compound found in 
the residue of Ovifak iron after treatment with acid. 

Hail, which fell at Stockholm in the autumn of 1873, was found 
by Nordenskjold to contain groy metallic particles that reduced cop- 
per from its sulphate. Although the roofs of the buildings surround- 
ing the Academy, in the courtyard of which these hailstones fell, aro 
of iron, the grains were rounded, and of light colour, instead of a 
reddish-brown, and the observation is of sufficient interest to allow 
of its being placed on record. 

It has been shown that small quantities of a eosmical dust, 
containing iron, cobalt, nickel, phosphorus, and carbonaceous sub- 
stanoes, fall with other atmospheric precipitates on the earth's surface. 
Nordenskjold, in his paper, alludes ti.i the theory, already advanced, 
we believe, by Haidinger, that this deposit may play an important 
part in the economy of nature in supplying phosphorus to soils 
already exhausted by the growth of crops. His observations, more- 
over, are of value from the light they throw on the theories of 
star-showers, aurora;, etc. The small but continuous increase of the 
mass of our planet which appears to take pkiec may load students of 
geology to modify the view at present held, that from the time of 
the first appearance of vegetable aiid animal life upon our planet it 
has undergone no change, in a quantitative sense — in other words, 
that the geological changes which have occurred have been confined 
to a difference in the distribution of material, and not to the intro- 
duction of new material from without. 

When the instances of the fall of soot-like particles, blood-rain, 
sulphnr-showers, etc., which have from time to time been described, 
are considered, the view pronounced by Chladni, that these pheno- 
mena are due to the precipitation of large quantities of cosmioal dust, 
appears of groat import. The black carbonaceous substances which fell 
with the Hassle meteorites, and coated some of them, may be quoted 
as an illustration. Some meteorites, moreover, are so loose and Fri- 
able in texture that they are very readily reduced to powder, as the 
Ornans meteorite (1868, July 11th), while that which fell at 
Orgeuil (1864, May 14th) breaks up when placed in water. If this 
stone had not fallen on a day when the atmosphere was dry, portions, 
if not the whole of it, would probably have reached the earth's sur- 
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face in the form of powder. These atmospheric deposits may have a 
very varied composition. The dust which fell in Calahria, in 1817,' 
contained chromium. The red rain that fell at Blankenberg, in 
Flanders, 1 in 1819, owed its colour to the presence of cobalt chloride. 

In 1872 three papers were published in the Complex rendus, 3 
origin of polar aurora, which called forth one from Baumbauer, 4 
■where he refers to a theory as to their origin propounded in his 
thesis De ortu lapiduiu vwtenrieornm (Utrecht. 1844). After having 
shown the connexion which apparently exists between the planets, 
their satellites, the comets, the shooting-stars, the meteorites (" qui, 
pour moi, tout de petites plane-tea"), and the zodiacal light, B " " 
asteroids or coBmical matter massed together near the sun, he gives 
expression to the following view? respecting the polar aurone : Not 
only solid masses, large and small, but clouds of " uncondensed " 
matter probably enter our atmosphere (pio)>iibile etiam est nebulas 
materiel primigenke Bine nucleo condensate in atmosphrcram venire). 
If, from our knowledge of the chemical eimipoiMtum of the stones and 
irons which fall to the earth's surface, we may draw any conclusion 
respecting the chemical constitution of these clouds of matter, it 
appears possible that, as many of these stones consist ]>artly, and 
the irons almost entirely, of iron and nickel, the attenuated cloud- 
like matter may also contain a considerable proportion of these 
netic metals. 

Let such a cloud, the greater part of the constituents of which have 
magnetic characters, approach our earth, which we have been taught 
to regard as a great magnet. It will evidently be attracted towards 
the poles of this magnet, and. penetrating our atmosphere, the parti- 
cles which have not been oxidized and are in a state of oxtremely 
fine division will, by their oxidation, generate light and heat, the 
result being the phenomenon which we torm a polar aurora. Obser- 
vations have shown that the seat of these phenomena is about, not 
the geographical, but the magnetic poles. Not a few facts, even at 
that time, could be advanced in support of the theory, which assumes 
the occasional presence of metallic particles in the higher regions 
of our atmosphere. More than onco such particles had been dis- 
covered in a fall of hail. Eversmann 1 found in the hailstones which 
fell on the 11th June, 1825, at Sterlitamak, 200 wersts from Oren- 
burg, Siberia, crystals of a compound of iron and sulphur, in which 
Hermann found 90 per cent, of that metal. In bail which fell in 

1 L. Semontini. Atti Mia Seale Acad, deltt SeiunU, 1819, L 285. Gilbert' m 
Arm., htic. 827- * Meyer and Van Stoop. i.SHbieC.% Ami., lxiv. 336. 

3 Le Marshal Vilillant. Compt. read., hsiv. 510 and 701. — J. Silberroann. 
Compt. read., luiv. 553, 638, 989, and 1182.— Q. Tarry. Compt rend., lixiv. 
649. 

4 E. H. Von Baumbauer. Compt. rend., liiiv. 67B. 

s E. Von Eversmann. Arrhir furdii (ii^'niniii- Xaivrlrhre, iv. 196. — A. Neljubin. 
Archill fiir die gesammte Nuturlehrc, I. 378.-11. Hermans, Gilbert's Ann., lxivi. 
340. 

• Though von Baumhauer cites this instance, it does nut npp. or lb .it the metallic cha- 
racter of the "crystals" was fully established in this case. Neljubin found thera to 
consist of 70 per cent, iron oxide, and 176 per cent, of other motaUk oxi&et. Ya 
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the province of Majo in Spain on the 21st June, 1821, Pictet 1 found 
metallic nuclei which were proved to bo iron ; and the hail which fell 
in Padua on the 2(5th August, 1834, was observed to contain nuclei 
o!' an ashy grey colour. The larger ones were shown by Cozari'to 
be attracted by the magnet, anil to contain iron and nickel. "It would," 
wrote Baumhauer, " he very interesting, in verification of this 
theory of the origin of polar aurora, to detect in the soil of polar 
areas the presence of nickel." This theory, which at the time it was 
promulgated appeared so rash that it met with Hevere criticism by 
the great Berzelius, 3 has gained support from recent researches; 
among others, the discovery by Heis of the simultaneity of boreal 
and austral auroras, the relation between the aurora and the meteor 
showers, the perturbations of the telegraph lines, which not only 
accompany, but forecast an auroral display ; and the identity of the 
light, principally that of the green portion of the spectrum, in 
zodiacal and ;inr>ii'iil lijxht, as established by Eespighi.* 

In connexion with this subject, reference should be made to the 
discovery by Reichenhach some years since of the presence of nickel 
in soils. From tho Lahisherg in Austria, a conical hill some 300 to 
400 metres in height, and covered to the summit with beech-trees, 
he took samples of soil from the thick underwood, and found 
therein traces of nickel and cobalt. Other specimens from the 
Haiudelberg, Eallenberg, and Dreymarck Steinberg, adjacent hills, 
yielded the same results, and that from the Marchfeld plain also 
revealed traces of nickel. These hills consist of beds of sandstone 
and chalk, and are quite free from metallic veins. It has already 
been suggested that impoverished soils may have their fertilizing 
powers renewed by the precipitation of cosmioal matter containing 
phosphorus. 



1871. February 4th. 220 p.m. — Konisha, Minnesota. 1 



The meteor appeared to come from N. of E. When it reached a 
point 4° N. of W. of Konisha (Lat. 45° 10' ; Long. 94° IV), and was 
at an elevation of 38°, it exploded with a detonation like the com- 

Ibined roar of a park of artillery. The concussion was so great that 



fact, thin substance appears to have bt-cn an impure limonite, like that which fell at 
Iwan, in Hungary, on the 10th August, 1841, and was probably not rueteorie. 

* M. Pictet. Gilbert?* Arm., luii. 436. 

» D. L. Cozari. Aim. Sc. Reg*. Lomi., 1834, Not. e Dec. Ntto Ed. Phil. Jour., 

' Jakreabcricht, Iivi. 1847, 386. 

* !.. ItispiKhi. Compt. rind., luiv. 514. — The green ray ia that known aa 1241 
Kirchbuff's scale; and near it is another "f less lir!lli;iruy, IN-Jii in ihu pump scale. 

Fur ii ii.--iTipt.il hi of a spectroscopic i>iiinitri:Ui"ii "t I.K' /ujiauil li^tit see u poper 
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it shook the houses. From four different points on a base-line 
of 42 miles observers were not able to murk any divergence from the 
general direction of N. 86° W. The distance from Konisha must 
have been considerable at which the explosion of the meteor took 
place. No meteorites have jet been found. 



1871. March 24th. 2 a.m. (local time). — TTrbino, Province of TJrhino 
and Pesaro, Italy.' 

A brilliant meteor was observed by Serpiei 
TJrbiuo, which left a persistent streak. It 
explosion. 



1871. March 24th. 425 a.m. (local time). — Volpeg-lino, Piedmont, 
Italy.' 

This meteor is described in a Turin newspaper by F. Donza. Its 
apparent course was from a Cygui across a Andromedas to near J 
Fiscium. The nucleus had a diameter of 25'. The colour was of a 
brilliant white, and it left a very persistent ruddy streak along 
its whole course. It burst with a violent detonation, which waa 
heard about half a minute after its disappea 



1871. April 12th, 



815 p.m. (local time).- 
Piedinont, Italy. 3 



-Lodi, Moncalieri, 



A very largo am] brilliant meteor traversed the heavens from 11 1 
-+- 7 to 105 -+- 2, and burst with a loud detonation, which was heard in 
houses with closed doors. The account of this meteor is communi- 
cated by F. Denza, of the Observatory of Moncaliori. 



1871. Hay 21st. 815 a.m. — Searsmont, Maine.' 

The explosion attending this fall resembled the report of a heavy 
gun, followed by a rushing sound like the escape of steam from a 



' Brit. Awe. Report, 1871. Obs. Luminous Meteors, 37. 
1 Brit. Anac. Hcport, IH71. 01*. Luminous Meteors, 36. 

J Brit. A-'iic. Itrpirt, 1S71. 111',. Lummcus Meteors, 
* C. U. Shepnrd. Amer. Jiur. Sc. [3], :: ' 




J. L. Smith. Amtr. Joar. Sc. 
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boiler. It prulnbly I'-mi-? from the south, as tho report was heard at 
Wfirren, 12 miles to the S. W., but not at Searsmout, 3 miles to tha 
N,E. About two minutes after the explosion a woman saw the 
earth thrown up at a spot about 30 rodB distant from her. The 
meteorite entered the hard soil to a depth of two feet, making a 
vertical hole, and striking some large pebbles which shattered the 
stone. It weighed altogether 121bs., the largest fragment being 21bs. 
When dug out, 25 minutes after the fall, it was still hot. The 
form of the complete stone is described as of an oval subcorneal 
figure, with a flat base, and resembles the Durala meteorite 
(1815, February 18th) preserved in the British Museum. The crast 
of the base is perfectly black, and more perfectly fused than that of 
the sides ; it is moreover of unusual thickness, amounting to about 
l-16th of an inch. The colour of the interior iB a bluish-white and 
is very uniform. More than half the stone is made up of rounded 
grains of the size of mustard-seed, with fine-grained white or 
greyish-white interstitial matter, which Shepard calls chladnite, but 
which wouJd perhaps now be more correctly termed enstatite. The 
larger globules are bluish-grey, with an occasional faint tinge of 
yellow, are vitreous and translucent, have two imperfect oblique cleav- 
ages, and bear a resemblance to boltonite. Minute grains of iron are 
thickly scattered through the mass, with a few grains of troilite and 
one little black mass, which was probably graphite. The specific 
gravity of tho stone is 3'626 — 3*701. Dr. Lawrence Smith traces a 
great resemblance, as regards the crust, between this stone and that 
which fell at Mauerkirchen (1768, November 20th) ; but both 
observers agree that in other respects, more especially in spherular 
structure, it is like the meteorite of Aussun (1858, December 9th), 
It is to be regretted that the constituents of this Btone, which can 
apparently be so readily isolated, have not been subjected to separate 
analysis. 

The total composition of the stone is as follows * — 

Olivine 43-04 

Brnnrjir. hvmblt'ii l> , m-.li i. iittli- altntr -m .rt- i^-luti-) j:.ii il.roroiw 3D 27 

Niclel-iron . »63 

Magnetic pyrit«» (?)... 306 

10000 
The nickel-iron consists of: 

I Iron = 90-02; Nickel - 9-Ofi; Cobalt = 0'*3 = 99-5 
and the stony portions, soluble and insoluble in acid (and alkali), 
amounting respectively to 52-3 per cent, and 47-7 per cent, have the 
following composition : 
SiO, AljOj FeO MgO Alkalies Fe ; S 9 
A. Soluble -10-61 ... 19-21 3G-34 ... 3'00 = 39-22 
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1871, Spring of.— Eoda, Province of Hneaca, Spain. 1 

The exact date of the fall of this meteorite is not known, hut it is 
stated to have occurred during the spring of 1871, at a spot two 
kilometres from Eoda. Two fragments, in the possession of Pisani, 
weigh about 200 grammes, and appear to have formed the half of a 
stone which was of the size of a fist. It is covered with a black 
crust, which is continuous and brilliant in places where this species 
of lustrous varnish has run. The interior is ashey-grey, with greenish 
grains resembling peridot (some of them several millimetres in 
diameter) scattered throughout the mass. The grey surface is, how- 
ever, not of a uniform tint, but prosents two irregularly shaped 
areas, one being grey, the other yellowish-grey. The stone is very 
friable, and is without action on the magnetic needle. Before the 
blowpipe it is fusible, becoming black and feebly magnetic. 

Only a small portion, 14-75 per cent., of the meteorite is broken 
up by acid, that unacted upon amounting to 85-97 per cent. Below 
are given, in addition to the composition of the constituents separated 
by acid, the results of an analysis of the minerals constituting 
the mass of the stone : 

8i0 2 AljOa Crj0 3 FeO CaO MgO K s O and N«,0 8 

A. Saltith. 38-85 4-81 ... 24-27 821 23-86 ... ... =10000 

B. IiMluble. 52-93 1-95 0-39 16*29 1*92 26-52 ... ... =100-00 

C. Total. 61'fil 2-30 0-3-1 17-04 2-31 26*61 0-80 0-40 = 101*31 

The soluble portion appears to bo an iron olivine, mixed 
probably with a little anorthite ; the insoluble portion consists 
chiefly of bronzite, or, according to Pisani, probably hypersthene, 
with the specific gravity of which mineral that of the meteorite 
more closely accords. The sulphur and the chromium are, it is pre- 
sumed, present as maguotic pyrites and chroraite ; no nickel what- 
ever was detected. 

The yellowish-green grains were very slightly attacked by 
acid, only 6 per cent, being soluble in that reagent. Their com- 
position proved to be — 

Silicic acid 51-10 27-3 



These numbers indicate, according to Pisani's view, the presence 
of a hypersthene rather than a bronzite, a hypersthene richer in 
iron than that of Farsund, Norway. The ratio of iron oxide to 
magnesia is the same as that in the bronzites of the Hainholz, 
Shalka, Borkut and several other meteorites. 

On some grains of this mineral a woll-marked cleavage was dis- 
tinguished along one direction; in others a disposition to cleave 
1. 1607,— G. A. Danbrde. Gmpt. rend., Unix. 1509. 
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along a second direction was remarked ; on examining euoh frag- 
ments in tho polarizing microscope, however, one of the optic axes 
was almost always seen, while the other was invisible. Tbe angls 
of the optic axes, as measured in oil, was approximately determined, 
making 211=104°. The bisectrix is negative; but whether it wm 
the acute or obtuse bisectrix, was not determined. 

This meteorite is remarkable for containing no metallic iron, and 
a very large proportion of bivmzite or hypersthene. 

Daubrce, during an examination of microscopic sections, noted 
many characters which favour the assumption tbat the chief consti- 
tuent of this meteorite is bronzite rather than hypersthene. Soch 
are: the absence of diohroism, tho frequent occurrence of theright 
angle in the contour of the crystals, and tbe fineness of the stria.', 
peculiar to bronzite. When magnified SIX) diameters, most of the 
crystals are found to enclose yellowish-brown rarely translucent mat- 
ter, with very varied contour, and occasionally with a crystalline form, 
that of a modified oblique prism, which is that of pyroxene. They 
are ranged in rectilinear series, which are not always orientated 
parallel to the axes of the crystal. Here and there, adhering to the 
crystals, a brown vitreous substance, which is without action on 
polarized light, is seen ; and in it occur cavities of relatively large 
dimensions, closely resembling those usually found in basaltic rooks. 
The Koda meteorite, with the single exception that it contains no 
iron, bears a great likeness to tho meteorite of Lodran (1868, October 
1st), and establishes a new link between cosmical rocks and thoss 
belonging to our planet. If, says Daubree, we were to refuse to 
admit the testimony of those persons who aflirm tbat they witnessed 
the fall of this fragment of rock, the characters of its crust w( " 
fully attest its cosmical origin. 



would 



1871, November.— Montereau, Seine-et-Marne, Franca. 1 

"It is stated that a meteorite, weighing VJTllis., lutely fell near 
Honterean, It came from the east, and burst with a loud explosion, 
emitting a bright blue light. It is an irregular spheroid, and u 
black (on the ouler .surface only?). It is to be sent to the Academy 
of Sciences." No more recent information respecting this met* 
has reached me. 




teorite 
ndom*, 



1871, December 10th, 1 30 p.m. — Goemororii, etc., near Bandoiig. 
Java. 3 

Three strange explosions were heard, and six stones were found. 
The largest, weighing 8 kilog., fell in a rice-field in the village of 
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Gcemorceh, and penetrated the soil obliquely to the depth of one 
metre. A second, 2-24 kilog. in weight, and a third, weighing 
0-68 kilog., fell in a riee-field about 2200 metres S.W. of Babakan 
Djattie, and 1500 metres from Tjignelling, or 3700 metres from the 
spot where the first atone struck the ground. The three remaining 
stones weighed in all 150 grammes. 

The stone second in size, now in the Paris collection, is an 
irregular block, with rounded edges. It is completely enveloped 
in a dull black crust, and the natural surface exhibits numerous 
cavities of different size, which bear a great resemblance to those 
produced on quartzite by exposing it to tho oxy-hydrogen flame. 
A fresh fracture is grey, and enclosed in the silicate forming the 
greater portion of the stones are three kinds of granules, which have 
metallic lustre : the one, of an iron grey, which is at once identified 
as nickel-iron ; the second, of a bronze-yellow, which often possesses 
a blue or yellow tint, is troilito ; and the third, black and insoluble, 
is chromite. The siliceous portion, when examined under the micro- 
scope, was found to be made up of transparent, much-broken grains, 
which are, throughout, crystalline. 

The stone was examined in Java by Dr. TIaanderen, who found 
it to have the specific gravity 3-519, and the following composition : 

SiOj A1»0, FeO MnO MgO CaO E,0 Na,0 Fe Ni 

A. Soluble. 28-669 2377 28-036 0-1B9 21*290 0-498 1479 W64 8'227 1-712 

B. Insoluble. 51-21S 6352 10796 trace 13-633 1-908 0-4S2 3741 

Co S CbromitB. 
0-233 3-540 ... = 07424 
11-074 = 99174 

The analyst's method of grouping these constituents shows the 
meteorite to have the following miueralogical composition : 

Olinn 4728 

Auiite 20-88 

Fefipw ...... 1700 

Nii-kel.iron 5-B1 

Troiliw fi-44 

Chiomiia 4 41 

07-90 

If we assume that the iron oxide in the insoluble portion of this 
meteorite, which is stated in Ylaandcren's analytical results to be in 
the state of peroxide, to be, as is more probable, in the form of 
protoxide, this portion of the stone appears to consist of a bronzite, 
in which Fe : Mg is as 1 - 1, and a felspar with the oxygen ratios of 
EO : R,0, : SiO, as T04 : 296 : 11-6 or those of an albite or ortho- 
clase. About 60 per cent, of the minerals in this meteorite may 
be broken up by acid, the remaining 40 per cent, withstanding its 



. 



1 Annates lies Mine), 1869, xil. 29. 



Meteoric Irons found 1870 or 1871.— San Gregorio, etc., Bolsonde 
Mapimi, Mexico. 1 

With (he object of fixing with greater precision the geographical 
position of the meteoric masses that have from time to time been 
met with on the Mexican Desert, Dr. Lawrence Smith communicated 
a paper to the Amer. Jour. Science. There were already known 
the Cohahuila meteorito of 1854 (No. 1); the Cohahuila meteorite 
of 1868 (No. 2) ; the Chihuahua iron of 1854 (No. 3), still at the 
Hacienda de Conception, weighing alu.Nl -HH'.tOlbs. ; and the Tucson 
iron (No. 4), found in 1854 on the north side of the Eio Grande; it 
is in the form of a ring, and weighs from two to three thousand 
pounds. Another mass (No. 5} has since been heard of on the 
western border of the Mexican Desert, which from the locality has 
been named the San Gregorio Meteoric Iron.' It measures 6 feet 
6 inches in length, is 5 feet 6 inches high, and 4 feet thick at the 
baHB, and is in the form of a sofa. On one part of its surface the 
date " 1821 " 3 has been cut with a chisel, and ahove it stands 
the inscription : " Solo dion con su poder estefierro de&lruird, pnrqw 
en el mundo ?io habra qitieu lo purda deshacer." (God alone with his 
might this iron will destroy, for in the world is no one able to break 
it in pieces.) It lies within the enclosure of a hacienda, having 
been hauled to the ranch years dgM by (lie Spaniards, who, so the 
story goes, thought to use it for the manufacture of farm implements. 
Its weight is estimated to bo about five tons. An examination of a 
fragment showed it to consist of : 

Icon=95-01; Niekel = 4'22; Cobalt = 0*51 $ Phospb.oniB = 0-08; Copper = Trace', 
Total = 99-82. 

Still more recently we have news of the discovery, in the central 
portion of tho desert, of a meteorite (No. 6) larger than any previously 
found in that region. It should be stated here, that in addition to 
meteorites No. 3 and No. 4, Juan "Urgindi mentions other larger 
ones at Chupaderos, 20 leagues N.W. of No. 4. L. Smith's paper is 
illustrated with a little map indicating the relative position of these 
masses. He is of opinion that they are the result of two falls. The 
Tucson iron (also called tho Signet meteorite and the Ainsa meteorite) 
he finds to possess characters wl.icli distinguish it from the other five. 
Tho latter probably foil at an epoch far remote, moving from N.E. to 
S.W- during their descent. Nos. 1 and 2 fell first, 85 miles apart. 
The distances between the larger masses are— from No. 2 to No. 6, 
135 miles; from No. 6 to No. 5, 165 miles; and from No. 6 to 
No. 3, about 90 miles. 

In a paper on some of the meteoric irons of Mexico, D. J. Correjo 



: 



J. L. Smith. Amer. Jour. Se., 1S71, 335. See also Q. J. Burkart. Neuei 
Jahr. Mil.., 1871, 863. J. Urgindi. Amtr. Jour. 8m 1872, iu. 209. 

This is proljublv tho ni.'tnirii: inn nr' whidi citrlii r mention is made by "W. H. 
Hardy in his Travels in the Interior of Mexico i* 1825-1828, London, 1829, 431. 
lurkart gives the date 1828, 
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(Zfl Naturalize, Periwliro cientifi*:o lie lit Soi-L-iliid m»xieana de Tfisforta 
Natural, i. 252) reviews what has boon published about the Mexican 
irons, and gives some additional facto respecting them. A recent 
number of the journal contains an indignant protest on the part of 
the Society with reference to the destruction of the large mete- 
orite, called " The Descubridura," ordered by the Mexican Society of 
Geography and Statistics (Anitr. Jour. Sc., vii. 75). A detailed 
description of this meteorite will be found in Part II. (See the 
Mexican Meteorites.) 



1871. — Victoria, Saskatchewan River. British North America, 
[Lat. 53° 45' N., Long. 111 J 30' W.]. 1 

In 1870 Captain Butler received orders from Lieut. -Governor 
Archibald, of Manitoba, to proceed on a mission to the Saskatchewan. 
While returning from the Far West ho passed, on the ^oth Decem- 
ber, 1871, through the village of Victoria, which lies on the North 
Branch of the river, about midway between Fort Edmonton and 
Fort Pitt, and was shown, in the farmyard of the mission-house of 
that Station, a curious block of metal of immense weight. It was 
rugged, deeply indented, and polished on the edges by wear and 
friction. Longer than any man could say, it had lain on the summit 
of a hill out on the southern prairies. It had been a medicine-stone 
of surpassing virtue among the Indians far and wide, and no tribe, 
or member of a tribe, would pass in the neighbourhood without 
visiting this great medicine. It was said to be increasing yearly in 
weight Old men remember to have heard old men say that they 
had, at one time, lifted it easily from the ground ; now, no single 
man can carry it. Not very long before Captain llutler saw this 
meteorite, it had been removed from the hill on which it had so long 
rested and been brought to Victoria. When the Indians found that it 
had been taken away, they were loud in the expression of their regret. 
The old medicine -men declared that its removal would bring great 
misfortune, and that war, disease, and dearth of buffalo would afflict 
the tribes of the Saskatchewan. This was not a prophecy made after 
the outbreak of small-pox which was devastating tho district when 
Captain Butler was there, for in a magazine published by the Wes- 
leyan Society of Canada, there appears a letter from the missionary, 
announcing the predictions of the medicine-men a year prior to Cap- 
tain Butler's visit, and concluding with an expression of thankful- 
ness that their dismal pni^noftiealions bad not been realized. A few 
months later, however, brought all the three evils upon the Indians. 
Never, probably, since the first trader had traversed their land had 
so many afflictions of war, famine, and plague fallen upon the Crees 
and the Blackfeet as during the year succeeding the removal of 
_ ' The Great Lone Land. By W. F. Butler. London : Sampson Low. 1872. 






HISTOfiY OF METEORITES. 

their Manila-stone from the lone hill-top upon which the skies had 
cast it.' 

This iron has not yet been analysed. 



1871. — Rockingham Co., N. Carolina.' 

This meteoric iron, a small speoimen of which ia in the Vienna 
collection, is described as exhibiting the ordinary lamella? and figures. 
It oontains iron chloride in the form of a solid green substance 
enclosed in the metal itself. This compound was first observed bj 
J. L. Smith in 1852 in the Tazewell iron. 



1872, July 23rd, 520 p.m. (Tours mean time).— Lance and 
Authon, Canton of St.-Amand, Loir-et-Cher, France. 3 

An observer, reports M. De Tastes, stationed between Champigny 
and Brisay, in the Canton 1' lie- Bouchard, noticed during full sun- 
shine a sudden increase of light, and raising his eyes saw a brilliant 
meteor, which was of a rosy orange colour, and appeared to he double, 
traversing the heavens with enormous velocity from S.W. to N.E. 
Its brilliancy suddenly increased as it separated into two luminous 
globes and passed out of sight in the direction of Tours. At 5*26 he 

'The supernatural a it ri botes ascribed by snvage or superstition! races to 
meteorites are not a little curious. This hirfc block of meteoric iron, foundnesr 
the source of l.h.i llni'iis Kivcr. Tc.ilij. hut. S-l° N. ; Long. 100° W., was held by tie 
Comamhes to possess healing virtues. (B.F.Shumnrd. Trims. Jr. Sc. St. Louis, 18611, 
i. 622.— 0. Buchnar. Die MeUoritm, 161.) The iron of Charcan, Mesico, was 
built into the wall of the church, and held in peculiar veneration, especially br 
women, who jniiil it worship, believing that in return for offerings made to it they 
would be shielded Imm tin- inMurtune of sterility. The soldiers of Bszaine, howeier, 

carried oil' ibrir fi-iish, 1 it has been placed in tin- l'uris Colb-clion. sawn asunder, 

polished, etched, and analv'id. iviil : ii|>paTc]it!y lausiu;: ;.nv si usible. diminution 

in the average increase tif flu: Mexican population. fS. _M..nuier. La Nature, i. 294.) 
The meteoric stunt which fell at Ituranai, Wanika-laiu], Ka-t Africa, in 1853, mf 
anointed with nil by the natives, dressed with beads, iirnl set up a- a god. (E. F. 
Ororr. Phil. Mag. tiuppl., January, 1863.) The me (.'■mites of Kin-trie, Rajpootami, 
India, which ■"■ -31 in 1 SHJ7, were t vented with b's.s n-spoot : brinjr regarded as the 
missiles of an ufl'i tided deity, the crenter pit i.f tbciu wetv sei-<eii upon by the natives 
and ground to powder to render them harmless. JR. Waldie. IProc. Aiiat. Soc. 
Hi iiial, 1 SG'.'i. liifl.) (.'ouiparo id si i with X illicit! I iinn ipage 16). 

J G. Tsclicrni.il;.' Minmil»j. Milt., Jabr-ang 1872. — J. L. Smith, Am. Jour. 8c, 
1874. vii. 395. 

' L'Unitm fitrik, TeUrt, -litb lu!v, 1873.— Le Loir, 4th August, 1872.— M. De 
Tastes. Compt. reml.Mw. 273.— 0. A. Daubrce. CWp,'. real., Ixxv. 308 and 465.— 
G. A. Daubree and M. .lully. Compt. rend., I.\sv. yU5. — P. (It- Floury. Note surles 
JIrt cop'- ([■,)]■ igi ne eiismirjiu- ;i propos i] L y A ei.. lithe du ill Juillet, 1872. Blois: 
Imp. P. Dufrcsne, 1872.— M. Nouel. Notice sur le holide du '23 Juillet, 1872. 
Yeuddme, 1873.— G. A. Daubr£e. Compt. rend., H\h. 277. — L'Imlitut, August 
" — La Natur; ii. 159.— R. von Drasche. Mincralogieche Mitt., 1875, 1. 1. 
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heard a sharp sound, unattended by an echo. The inhabitants of the 
Communes Monthodon, Neuville, Chateau renant, Beaumout-la-Bonce, 
and Dainmarie, north of Tours, were alarmed by a tremendous ex- 
plosion, which shook the houses, and a small cloud of smoke was 
Been in the direction of Saint-Amand, still further north. Had this 
happened at night instead of in an atmosphere illumined by the 
evening sun, it would certainly havo attracted the notice of more 
than the few observers whose attention happened at thai instant to 
be directed towards the sky. The meteors, though seen distinctly 
separately by many observers, were close together, and had the 
appearance of two candle flames proceeding horizontally at a very 
low elevation.' The loud report, which to many persons appeared 
to be two reports in rapid succession, was followed, as is so often 
the case in explosions of this kind, with " rolls of musketry," lasting 
30 to 40 seconds. 

A large meteorite fell in a field at La Haye de Blois, near the bound- 
ary of the commune of Lance and Saint-Amand, and penetrated the 
soil to a depth of 1-4 metres. The explosion delached the hinder 
portion of the meteorite, which fell as one block to the ground, but 
which, when taken out of the hole, hroke into three pieces. The 
anterior portion of the stone was shattered into fragments, which 
were scattered over a stubhled field of wheat. The owner of some 
cultivated land near St.-Amaud was within 200 metres of the spot 
where it fell. It weighed altogether 17 kilog. The trajectory of 
the meteorite appears to have been nearly parallel to the plane of 
the horizon, and the velocity is calculated to have been till) metres 
per second. 

A search having heen instituted in the neighbourhood for other 
meteorites that may have fallen at the same time, a second stone, 
weighing 250 grammes, was found a few days later at a depth of 
half a metre below the surface, at a point two kilometres from the 
village ofPont-Loiselleiu the Communo of Authon, and 12 kilometres 
to the S W. of the spot where the first stone fell. These two places 
are on the line of the trajectory of the meteor. Here, as in the case 
of the fall of other meteorites — for example, those of Orgueil, Tarn- 
et-Garonne (1864, March 14th) — the smaller stone fell first. A 
superficial inspection will convince the observer of the common 
origin and similar constitution of the two stones. 

The crust of this meteorite is dull, and shows in different parts 
the manner in which the air has affected the heated surface during 
the descent. A freshly-fractured surface of it differs from that of a 
great number of meteorites in being of a very dark grey or black 
colour, recalling tliat of certain basalts ; it possesses a spherular 
structure, the grains not osceeding 1 mm. in diameter. Many are 
transparent and colourless, while some are of a yellowish-green ; 
when examined in a microscopic section, these are seen to be full of 
flaws and to act powerfully on polarized light; here and there are 

1 A similar inptnnre uf i li .■ ilh isirni of si mc-ipor into tiv.i rim-in;; it- passage through 

the atmosphere (whifh rnriv hp iv|,n--f inn! thus > .) was observed at the 

1871, May Blst, 6-30 p.m. {Prte. Asiat.SoC. fl«t S nf,lSTt,So.-™A&&> 1 



I 



56 HISTOBT OF METEORITES. 

particles of the bronze-like yellow hue of iron monosulphide or with 
metallic lustre ; the latter are rarely more than \ mm. in diameter, 
and are malleable. The specific gravity ia found to be 3*80; but 
whether this ia the density Lit' the* siliunie treed from nickel-iron, is 
not slated. 

By treatment with water 0-12 per cent, of sodium chloride was 
extracted from a portion of this meteorite. Ab this Bait is bo common 
a constituent of the earth'B crust, it seemed at first sight probable 
that it owes its presence to infiltration of water holding it in solu- 
tion. The clay-like soil, however, in which the Lance meteorite lay 
during three days was dry, and the vitrified crust covering the stone 
would preclude an infiltration of salt to its centre, from which part 
the fin «me nt analysed was taken. Moreover, the absence of calcium 
salts, which would be expected to be associated with it, was fully 
established. The sodium chloride ' of the Lanc6 meteorite, like the 
calcium chloride of the Ovifak iron (see page 33), appears beyond 
question to be of cosmical origin. The probable presence of what must 
be a trace only of copper was ascertained by spectrum analysis. No 
carbon was met with. 

An analysis of the atone showed it to possess the following com- 
position : 

1. Iron, as nickel-iron. 781 

2. Iron anil ■. ■ 1 1 i . - c- meia!- i-rinihin,.j with sulphur B-09 

3 Sulphur rnmbinrd with the above metals 5'19 

4. Silicic acid 17*20 

5. Iron protoxide 11-33 

6. Manganese protoxide O-Oo 

7. Magnesia 13-86 

8. Sodium chloride Q-12 

8. Constituent* not acted upon hy acid 33-44 

10. Hygrometrie water 1-24 

99-33 
The constituents Nos. 4, 5, 6, and 7 make up 43"44 per cent, of 
the stone, and are those of an olivine in which tho oxygen ratio 
of Fe *. Mg is 1 : 2, the same as that of the olivine of Chassigny, 
Alais, and other meteorites. 

By acting upon a portion of the meteorite with hydrogen and 
chlorine successively at a high temperature it, lost 34-98 per cent in 
weight. It appears from this that the iron and manganese oxides 
of the olivine underwent reduction, and the water was removed by 
the first reagent, while the iron, nickel, and cobalt, either free or 
combined with sulphur, together with this sulphur, as well as the 
two metals forming constituents of the olivine, which, it appearB, 
lose their oxygen when treated with hydrogen, were, one and all, 
removed by the action of chlorine. They amount together to 34'66 
per cent. Daubrtie concludes from this that the residue consists of 

1 Schoertr i'nim'1 l!ii- flilm-hle in 1 1: ■ ■ metem-ite el tStimii'.'ni {Jour, de Phi/s., Ixi., 
4G9).— In Borne ha'lstuiicst which tell 1K71, Aii£ii«t 20!li, 11 a.m., at Zurich, some 
of which ■.vii.L'lnil 12 uv.iin.-;, KtmijMt fimiul cu'ies ur liii^iiiuits d i-iibcs of sodium 
chloride. He bilirvcd that they might have Lien carried by the wind from North 
Africa. 
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the silicate which withstood the action of acid, together with the 
silicic acid and magnesia of that which gelatinizes in contact with 
this reagent. It is to be regretted that the composition of the 
insoluble portion, which constitutes one-third of the Btone, and of 
which wo are told that it consists at least of two substances, one 
colourless (enstatite?), and the other almost black (ehromite?), haB 
not been determined. In its general aspect the Lance meteorite re- 
sembles that which fell at Groans (1868, July 11th). 

Since the publication of these papers recording the fall and the 
examination of the Lance stone, a letter has been addressed to 
M. Daubree by M. Jolly, stating that an observer, who was at 
Cbince, Commune of Jaulnay, Canton of Saint- Georges, Dep. of la 
Vienne, heard two loud explosions, which appeared to come from 
the direction of Chatcllerault, and a hissing noise, such as would be 
caused by the rapid passage of a large body through the air. This 
point is forty kilometres to the S.W. of that reported on by M. He 
Tastes. In Aug., 1874, Daubree announced the discovery of four more 
meteorites belonging to this fall. They weigh 3 kilog , 0"62 kilog., 
0-60 kilog., and 030 kilog. The first had fallen near the Sablet, 
between Authon and Villechauve ; the second and third were fouud 
about 100 metres apart at points north of Authon and about three 
kilometres from Prunay ; and the fourth had fallen in the Commune 
of Authon. 

The moat recent contribution to tho history of this meteorite is a 
paper by von Drasche, who has examined its mineralogical characters. 
His memoir is illustrated with three drawings of the stone itself, 
and twelve displaying its microscopic structure. The crust is about 
0'5 mm. in thickness, and exhibits on one part a number of fine lines/ 
which appear to be the result of the oscillation of the meteorite about 
its centre of gravity during its transit through the atmosphere ; on 
the posterior surface the crust has an appearance as if it had been 
pricked with fine needle-points, a phenomenon which the author 
attributes to a disengagement of gas from the meteorite while the 
crust was still soft. (Compare with Wright's experiments on the 
evolution of gas from the Iowa meteorite.) Von Drasche's descrip- 
tion of the grains which make up the rock confirms and extends that 
given by lJaubreo. Tho microscopic sections exhibit numberless 
spherules of remarkable structure : some have a perfect circular 
section, are colourless and translucent, and consist cither of a con- 
geries of crystals lying apparently in no order, or a few crystals 
symmetrically arranged about a point; one is made up of a compact 
group of polygons, which, when niiigniiied, presents the appearance 
of the facetted oye of a fly. They probably consist of olivine, and 
are the white granules observed on the freshly fractured face of 
many meteorites. 

One spherule presents a very unusual appearance: it is colourless 
and exhibits no change with crossed Nicols ; from a point lying 
excentrically within the circle eight fine bauds radiate at angles of 

it stone of Timochin (1807, March 13th) We on its black crust mark- 
wbicli resemble iron wires. 
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45° towards the boundary of the spherule, and from each of these 
again proceed other and shorter bands at about the same angle. 
■With a power of 240 these bands are seen to be hollows filled with a 
dark-green floceulent substance. The homogeneous ground-mass of 
the spherule is fractured in many places, the cracks traversing these 
bands as well. Another spherule, of which also only one was met with, 
and which was sufficiently large te be recognized with the naked 
eye, consists of a nucleus surrounded by a ring of material, about one- 
third the radius of the section in breadth. The central portion ia 
filled with a dark-brown opi'ujue mass ; (lie envelope is traversed by 
a number of lines or veins which break it up into sectors and is an 
aggregation of small colourless crystfds enclosed in a fine network 
of a brown fibrous mineral, probably the same substance which 
occurs in the nucleus. While the above ingredients of the Lance 
meteorite consist probably of olivine, another class of spherule, 
readily distinguished from them, appears to be formed of bronzite. 
These bodies, which are made up of a finely fibrous mineral, arranged 
escentrically within the spherule, are of the kind described and 
figured by G. Bose, which have since been shown by Tschermak to 
occur in the stone of Gopalpur (which see). Certain of these 
spherules, as met with in the Lance stone, are so compactly fibrous 
that little light can penetrate even a thin section of them ; in one 
where the radiating crystals diverge from a point on the circumfer- 
ence of the spherule, they are seen with a high power to merge 
towards the margin into a floceulent material. 

Other spherules are a tangle of bronzite crystals, some being very 
thin and of great length. Individual crystals of olivine, some 
1 mm. in length, were often met with ; but only one large isolated 
crystal of bronzite was observed. Von Drasohe is of opinion that 
the iron sulphide is present in the form of magnetic pyrites, 
and that the insoluble portion of the stone will be found to con- 
tain a felspathic mineral of the kind occurring in the meteorite of 
Gopalpur. 



1872, August 31st, 515 a.m. (Borne mean time). — Orvinio (formerly 
Canemorto), near Borne. [Lat. 42^ 8' N. ; Long;. 12° 26" E.] ' 

A meteor was seen at daybreak by many observers in the pro- 
vinces of Home, Umbria, Abruzzo. and Terra di Lavoro. At first it 
appeared like a large star of a red colour. It increased in brilliance 

1 A. Secchi. Vompl. vnit!., lixv. Wita.— (!.P. TVrmri- It i<: Urn- he tisioo-nstronri- 

mk'ht' interim all' Uninnlitu rinlul.i iic-lT a !_']■■.> ft in il 31 di Agoato, 1872. Boms: 

Tip. Bell. Arti. 1873.— P. [idler. I'tya. Jnn., rl. 171- Mi'heratog. Mitt., 1874, 
258. — M. le Chcviitif-r Miilirl-Lhentir >!>■ .lii'^i find (J. Tidlui-ci. Atli dell' Arc. 
ptrntif. di nuwi lincet, 1873.— Lrs Mnmlen, 2otli rLvrmk-r, 1K73.— L. SipSci. 
Mineralog. Mitt., 1874, 244.— G. Tachermak. Sill. Ak. WUt. Wim, In. November 
Haft, 1874. 
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as it traversed the sky, in a northerly direction, leaving a white 
train. At a certain point it became brilliantly white, and then 
vanished, a luminous cloud remaining, which was visible for a quarter 
of an hour. The meteor appears to have crossed the coast-line at a 
point near Terracina, to have passed over Pipemo in a direction 7° 
W. of N., and, moving N.N.E. over Cori and Geunazzano, to have 
exploded over the latter town. After the lapse of two to three 
minutes, two reports were heard, the first like that of a cannon, the 
second like a series of from three to six guns fired in rapid succession. 
The greater part of the stone fell at Orvinio, over which place the 
second explosion appears to have taken place, and some fragments 
were carried further northward. 

Six fragments of the meteorite, weighing collectively 3-396 kilog., 
have been found :— No. 1, weighing 4| gviimmes, Ml with a hissing 
noise near a peasant at Gerano ; No. 2, weighing '.*- grammes, fell at 
La Scarpa, within ten metres of a farmer, who picked it up while 
hot; No. 3, weighing G22 grammes, was found two or three days 
after the fall a Few centimetres below the surface, in a stuhhled field 
at Pezea del Meleto, between Orvinio and Pozzuglia ; No. 4, 1242-6 
grammes in weight, was found a week after the fall, close to Orvinio : 
the grass around it had been somewhat singed ; No. 5, weighing -lo2 
grammes, was picked up a week after the fall at Tczza del Meleto ; 
No, 6, weiging 1003 kilog., was found on the 8th May, 200 metres 
distant from No. 4, at a very trifling depth, while turning up the soil 
of a field. At the time of the fall a man was passing the spot where 
fragments numbered 4 and 6 were found. Immediately after the 
explosion, he heard the sound of a heavy body striking the earth, 
and be fell on the ground with fear. At the same time, or a little 
later, a fire broke out in a barn filled with hay in the village of 
Affile, and the occurrence was, with general consent, ascribed to the 
meteorite. 

In September, 1873, Keller Ioarnt that two more small fragments 
had fallen near the village of Anticoli Corradi ; one fell near two boys 
who were tending cattle. The boys became alarmed at the hissing 
noise, and believing this projectile to be aimed by the Devil, they 
picked it up, and threw it far away from them. The other stone was 
observed to fall on the bare rook, and to break in pieces. The frag- 
ments were collected, but as thoy were held to he of no value, they 
were subsequently lost. In the case of this aerolite, as in that of 
others, the smaller fragments appear to have fallen before the larger. 

The velocity of this fall must have been very Blow. The authors 
do not state whether any of the fragments could be fitted together ; 
their specific gravity ranged between 3'58 and 3'73 — in one, richer 
in metallic constituents, it amounted to 4-598. Two of the fragments 
bear portions of the crust lying in pits and hollows. It is only ^ mm. 
thick, has a pitch-black colour, and exhibits in some places a waxy 
lustre. The mass of the stone is of a lead grey colour, being darker 
than that of the aerolites of Pultusk and Monte Milone. A polished 
surface exhibits metallic grains, some 2 mm. in diameter, and a green 
silicate, probably olivine. The ground-mass appears to he made up 
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or two minerals, one clear and uniform, the other dull and less 
homogeneous. The stone acts powerfully on the magnet. 

In Ferrari's memoir is given a plan of the country near Rome, on 
wluch is indicated the track of the meteor and the positions where 
the stones fell. The line of flight, a singularly devious one, is seen 
to pass immediately over the summits of M. Loano, M. Seii!]irt L vi<o. 
M. Lapone, and quite near to that of M. Gennaro, the chief moun- 
tains of the district, and suggests the gravitating action of these 
more elevated masses of the earth's surface on the path of the 
meteoT. A sketch of the latter, the trajectory of which i« computed 
to have heou iuclined 27 J to the plane of the horizon, accompanies 
the map. 

The paper of M. Le Chevalier Michel- Eti onus de Bossi gives the 
analysis and observations of Prof. Bellucci, of Perugia. When 
heated to 120° the powdcrod mineral lost l'STS per cent., and by 
treatment with water a little potassium and sodiutn chloride were 
dissolved. (Compare with Daubree's examination of the Lance stone, 
page 56.) The magnet removed 29-04 per cent, and acid 45-0i 
per cent. The analysis of a portion of the stone gave the following 
numbers: silicic acid = 4G-72 ; alumina- = 16 - 84; inagnesia = l'97; 
iron = 25-59; iron oxide (fer oxydt) =4-82; sulphur = 2-24; nickel 
with trace of cobalt = 1*37; with traces of calcium, chromium, 
manganese, arsenic, and phosphorus. Two points are worthy of re- 
mark in this analysis : first, the astonishingly large amount of alumina 
present, far in excess of that found in any other meteorite. In the 
absence of a second and eoulinualurv .analysis, it may he assumed 
that insufficient ammonium chloride was employed, aud the greater 
portion of the 16-84 per cent, is magnesia, which precipitated with 
the alumina. The second point is the occurrence of arsenic, which 
is of extreme rarity in a meteorite ; it is stated to be present in 
the iron of Braunau and the olivine of the Atacama and Krasnojarsk 
aiderolites. 

Tschorraak's report of his examination of this stone appeared in 
the winter of 1874. Tho structure developed on cutting the stone is 
unusual and remarkable, consisting of light- coloured fragments (I.), 
surrounded by a compact dark cementing material (II.). The former 
are yellowish-grey, enclose spherules and particles of iron and 
magnetic pyrites; are, in fact, norma.] chondrite, and resemble the 
mass of the stone which fell at Seres in Macedonia (1818, June). 
The latter encloses numerous particles of iron and magnetic pyrites, 
for the most part uniformly distributed; the portion nearest the 
enclosed fragments bears very distinct indications of having been at 
one time fluid, and conveys the impression that this cementing 
material was at one time in a plastic condition while in motion. 
Along the boundary of these two very dissimilar portions flaws are 
seen, in which nickel-iron has crystallized in delicate plate-like 
forms ; and here, moreover, the fragments are darker, harder, and 
more brittle than those of the centre, which argues the exposure of 
the cementing material to a very high temperature while in a plastic 
condition. Both portions have nearly the same density and ap] 



nsity and nppar- 
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ently the same chemical composition and mineral characteristics. 
The Orvinio stone resembles, in fact, certain brecciated volcanic 
rocks which consist of a ground mass through which granular frag- 
ments of the same rock are distributed, as when older crystalline 
lavas are interpenetrated by others more compact and of a more re- 
cent period. The light- coloured fragments are, as stated, chondritic ; 
the spherules are usually of one kiud, lying in a splintery matrix of 
the same mineral, containing some nickel-iron and magnetic pyrites. 
Among the transparent constituents, olivine is recognized by its im- 
perfect cleavage; a second mineral, «ith a distinct cleavage along 
a prism of nearly quadratic section, is evidently brouzite ; while 
a third, which occurs in flue foliated or fibrous particles, may be 
either identical with the above or be a felspathic ingredient. 

The meteoric rocks possessing chondritic structure are regarded 
by Tschermak as tufas, which have undergone detrition ; and their 
spherules to be such particles as, by their siiperiur loneliness, have, 
during the trituration of the rock, instead of breaking up into 
splinters, acquired a rounded form. A black material is observed 
to coat the fragments of the rock and to fill the finer flaws existing 
between them, whereby their transparent character is considerably 
impaired; this has also been noticed in the meteorite of Tadjera 
(1867, June 9th). 

The dark-coloured cementing material contains two ingredients : 
an opaque semi-vitreous constituent, and particles in every way 
similar to the dark crust of the fragments from which they may 
probably havo been detached ; many of them can still bo recognized 
as olivine and bronzite. Tho nickel-iron and magnetic pyrites of 
this portion of the stone arc more finely divided than in the frag- 
ments, and have often a rounded form. The metal of this portion, 
as well as in the other, exhibits no Widroamistiittiim figures; but in 
both, by treatment with acid, lines are developed like those of the 
Braunau iron. 

The two species of rock : the chonilritic fragments (1.) and the 
darker cementing material (II.) : have the following composition : 
I. II. 

Silicic acid 

Alumina 

Chromium oiido 

Iran protoiide... 

Magnesia. 

Soda ... 

Potash 



Specific gravity 3'67fi 3-600 

These results establish the similarity in composition of the two 
portions, and, as Tschermak points out, the erroneous character of 
Belucci'a analysis, to which attention has already been directed. 
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Tschermak's paper is illustrated with a plate, giving a figure of 
the meteorite he examinee! ; a drawing, actual size, of the section, 
showing very distinctly the appearances of fusion ; and three micro- 
scopic sections, magnified 20 diameters, of the two rock varieties 
composing the greater part of the stone. 



1872, November 3rd, 530 p.m.— Nairn, Scotland. 1 

A meteor of unusual brilliancy was observed to take a direction 
from E.S.E. about 20° from the horizon. The sky was so lighted up 
for two or three seconds that the observer could have seen to pick a 
pin from the ground. Darkness followed, and again the light hurst 
forth stronger than before, and shortly afterwards a sound was heard 
as if three or four cannon had been discharged at the distance of a 
quarter of a mile. The meteor appeared to move from the southern 
part of Banffshire, towards tho centre of Inverness- shire, and to 
burst somewhere near the source of the river Nairn. It was alao 
observed at Glasgow. — A second very bright meteor was seen about 
915 (G. M. T.) at Bristol and Portsmouth, 5 passing from the zenith 
down towards 10° E. of the Pleiades iu Taurus. A sound as of an 
explosion was heard three seconds after its disappearance. 



1872, November I3th, 2 a.m. — " Sevenstones " Light-ship, The 
Scilly Islands. 3 

A letter, addressed by the Secretary of the Corporation of the Trinity 
House to the President of the Royal Society, states that at the above 
hour a meteor burst over the "Seven stones" light-vessel, moored about 
9 J miles E. by N. of the Scilly Islands. The wateh were struck sense- 
less for a short period, and on recovery they observed " balls of fire 
falling in the water like splendid fireworks," while the deck was 
covered with cinders, " which crushed under the saQors' feet as they 
walked." The writer states that the "cinders" were, there is reason 
to fear, all washed off the decks by (lie rain and sea before daylight. 
Miss Carne, of Penzance, and Mr. Tailing, of Lostwithiel, to whom 
1 for information, did not succeed in obtaining any further 
details respecting this remarkable occurrence. 

' H. D. Penny. Brit. Assoc, ft/pan, 1*7:!, Ilk-.. I'jim in.nis Mi'tcora, 369. 
1 E. B. Gardiner. Brit. Attae. Report, 1873, Ohs. Luminous Mttcurs, 366. 
] H. Allen. Brot. Royal Soc., xii. 122. 
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1872, November 30th, 2 8 p.m.— Slough, England.' 

Tho descent of this ■ meteor ' was witnessed by Sir J. C. Cowell, 
who states that it fell one mile east of Slougb, and about 150 yards 
south of the Great Western Railway. He writes that the phenomenon 
occurred during a short and sharp thunderstorm which passed over 
North Hants and East Berks. It is a question whether this was not 
a form of ball -lightning. " The explosion was similar to that of a 
heavy gun when fired." A sketch aeiv.mpanynig the notice repre- 
sents the fire-ball striking a ploughed field, between the observer 
and some trees. It is not stated whether any search was made at 
the time for a meteorite. 



1872, December 12th, 453, p.m.— Lexington, Kentucky. 1 

The meteor took a direction S. 45° E., and exploded with a loud 
noise at an altitude of about 20 miles, the cloud remaining 
several minutes. The inclination to the horizon was probably not 
less than 30° or more than 60°. The fragments of the meteorite, 
which have not yet been found, probably fell 20 or 30 miles N.W. of 
Lebanon. 

A number of meteorites have fallen about this date, and thoy are 
separated in a group hy an interval of some days from the aerolites 
of the earlier and later days of December. The members of this 
group are : — 

18S8. December 9th. Ansmii an'l Chirai', Hand- tannine. France, 

1870. December 9th. TjaW, B»4g« Nvi:'" 1 '"- RttBbttg, Java. 

1871. December 10th. Gecmnrtrh, near Banilong, Java. 
1836. Decern hw 11th. (':) Macao, Brazil. 

1872. December 12th. Lexington, Kentucky. 

1796. December 13th. WoM Cottagtt, Thwiiia, Yorkshire. 

1798. December 13th. (?) Kraklmt. Keriares, India. 

1803. December 13th. Massing, il^cmfeld, Bavaria. 

1813. December 13th. Luotolaii, Wiburg, Finland. 

1807. December 14th. Weston, Connecticut 



Found 1872.— Los Angeles, California." 

A very brief account is given of a mass of iron weighing SOlbs., 
which was found at Los Angeles. It is stated that its specific gravity 
is 7'905, and that, when acted on with dilute nitric acid, the smooth 
surface exhibits innumerable scales of schreibersite, but that the 
usual figures are 






« Sir J. C. Cowell. Nature, 26th December, 1S72. 
1 D. Kirkwood. Amer. Jour. St., 1873, v. 318. 
1 C. T. Jackson. Amir Jour. St., 1872, iv. 495. 
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Found December, 1872. — NeuntmannBdorf, Saxony. 1 



A block of iron, weighing 251ba., now preserved in the Dresden 
Museum, was found in 1S72, at Neuntnmnusdorf, two feet below the 
surface of the ground. Ab I could meet with no announcement of 
the constitution of this meteorite, I conceived it possible that it 
might form a new member of the interest lug little ^roup of sidero- 
lites to which the lireiii/ubaeli, Steinkieli and llittersjmiii meteorites 
belong. I learn, however, frum I'm lessor Geinitz, that it is a metallic 
maas, and that it has been analyzed by Lichtenberger with the 
following results : — 



Iron I 



94-EB ; Nictol = 



It contains no cobalt, carbon, manganese, or uranium. The author 
states that although it is carefully preserved under a glass ahade, a 
liquid (ferrous chloride) exudes from it, and it shows a tendency to 
scale off, as the Greenland (Disko) irons do. A more complete inves- 
tigation of this meteorite will shortly be undertaken. 



1873, February 3rd, 9-58 p.m. — Liverpool and Chester.- 

This meteor, which is described aa one of the largest class of deto- 
nating meteors, illuminated the whole district which it traversed 
with one or two prolonged flashes of light at least as powerful as 
that of the full moon. Owing to the clouded state of the sky, which 
nearly concealed the moon in many places, the descriptions of its 
apparent path are nowhere sufficiently determinate to indicate with 
much precision its real course ; the meteor, however, appears to have 
moved at a lower elevation than is usual with shooting-stars over the 
north of Staffordshire and Cheshire, passing at a height of less than 
40 miles over Crewe, and to have vanished at an altitude of Icbs than 
30 miles over a point between Liverpool and Chester ; a sound like 
the loud boom of a distant gun or a loud roll of thunder was heard 
about three ot four minutes after the disappearance of the meteor. 
The observations of its apparent path show considerable discordance, 
and it seems that its course may have been more directly from E. to 
W. The light of the meteor was of a bluish hue, leaving a train of 
brilliant sparks along its track. It appears to have been visible as 
far south as Bristol. On the same date, and at the same local time, 
a very brilliant fireball was seen ii 



1 Amir. Joar. Se., 

s Brit. Atme. Rep 

Bip., 1873, Obs. Luk 



i. T.:l.—s:-.<i,.,i.<-i'.t?. ..'.:■ /.,. ::■> /"■■. <>-■■■■ . is;:; 
, 187.3, Obs. i.uimuimH M.-t.-ors. 3S3 :nnl 30!.- 
nous Meteors, SJ6.~£nfIiik Mechanic, 1873, 171. 
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1873, June 17th, 8-46 p.m. (Breslau mean time).— ProBchwitz, 
lemia [Lat. 50° 4ff N.; Long. 14- 81' E.] 1 



A brilliant meteor was seen about balf an hour after sunset, and in 
bright twilight, over the whole of the Eastern area of Germany and 
in Austria ; the (rain remained visible for a quarter of an hour, 
which enabled the astronomer of tho Breslau Observatory to measure 
the position of two points along its course. It was observed in 
Saxony, Thuringia, Brandenburg, Mecklenburg, Pomerania, West 
Prussia, and in many parts of Austria as far as Hungary ; and the 
report of the explosion was heard in the Hirschberger Tha! and 
along the Riesengebirge range. The explosion appears to have 
taken place near the Bohemian frontier, at a height of about 41 
geographical miles, nearly over Grosschonau in Sasony and 
"Warnsdorf in Bohemia, the altitude being nearly the same as that 
at which the cosmical path of the meteorites of Pultusk (1868, 
January 30th) is believed by Galie to have terminated. 2 According 
to Niessl, it was seen nearly vertical over the village of llerrnhut in 
Sasony at the time of its dissolution. The general course of tho 
meteor was from S.S.E. to N.N.W. 

Although it does not appear that any fragments of a meteorite are 
known to have descended in the neighbrmrhood of Herrohut, some 
information was gathered by Prof. Hornstein, of Prague, respecting 
a very remarkable form of matter which is stated to have fallen 
at the time of tho flight of the meteor. According to an account 
communicated to the liei'-henberger Zeituutj by the 1 lead Master of the 
School at Proschwitz, the meteor was seen to explode in the zenith 
at the time stated, and some of the burning fragments of the 
meteor fell in that village, one of them on the high road not far 
from him. It was of about the size of a fist, and continued to burn, 
emitting a blue light and an odour like that of sulphur, until the 
flame was extinguished by the villagers Slumping it out with their 
feet. This rough treatment reduced the mass to small pieces, which, 
mixed with sand aud dust, had the appearance of a slag, and were 
not larger in size than a pea. A stone, a fragment of porphyry, 
which happened to be selected by one of the bystanders to extinguish 
the flame, together with some of tho above-mentioned fragments, was 
examined by Websky and Poleck, by whom the substance was 
pronounced to be pure sulphur. 

If this burning mass actually traversed our atmosphere, the oc- 
currence is of peculiar interest, as being one of the very few 
instances where sulphur in the separate elementary condition has 
been found as a meteoric substance. Chladm, in his Feucr-AIeteore,' 
refers to a statement in the Theatrum Europmim, vol. iv. p. 399, 



i. von Nieasl. Attrowm. Mclriehtm, IraH. 161. (No. 195a) and Ixxiiii. 
(Nos. 1980-90). — J. G. Guile, .lilz. Jlettorolog. Sect tun <!<■>■ titles. Gvscll. 
fir vatei-landiKhi CiJ.tin; 1,47a, D(.™niber 17th. 

* J. G. Gall-.'. Nutunc. .!!■!,. n, J,-, xrfteifu-n <hr Schlt*. Genfl/., 1888, 79. 
' E. F. F. Clnadni. Utkr Feuer-Zfeteon. Vienna, 1819. Page 361. 
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that in June, 1042 (?), sulphur fell at Magdeburg, and at Lohburg 
four miles distant ; one muss, the size of a fist, striking the roof 
of the castle. Galle, in his memoir Ueber den gegemaartigm 
Stand der Untersuckungen ueber die gelatindsen sogenanntcn Stern- 
tchnuppen-Substanzen, published in the year 1869, cites a paper by 
von Hoff,' describing a substance which was found on the Gtb. 
September, 1835, between Friemar and Gotha during a t ' 
shower. It smelt like liver of sulphur, and when held in 
hand melted to a (hick liquid, which evaporated, diffusing a sb 
odour like that of burning sulphur and phosphorus. Another sub- 
stance resembling liver of sulphur is stated by Chiailni in his paper 
Utber den Urspritng der von Fallas gefundenen und anderer ihr 
tiknlieher Eisenmaesen, page 26, to have been found at Coblence. 5 
Wiikler ' detected the presence of a little free sulphur in the carbon- 
aceous meteorite of Cold Bokkeveldt (1838, October 13th) ; and 
Roscoe' found 1-24 per cent, of sulphur in the remarkable carbon- 
aceous aerolite which fell at Alais (1806, March 15th). 

Galle's paper contains a detailed examination of tko observations 
of the path of this meteor, made over a wide area. The English 
reader will find a very complete analysis of these measurements and 
the conclusions deduced from them in the " Keport on Luminous 
Meteors" in the Report of lite. Ilritish Association for 1874. 
most remarkable circumstance connected with the real course of this 
meteor, says Prof. Hersehel, is that, according to the calculations o! 
von Niessl and Galle, the rate of the motion of this meteor and the 
calculated direction of its flight belongs to an orbit which is decidedly 
hyperbolic. As already stated, it was observed along the unusually 
long path, one of nearly oVO miles, which it traversed with very © 
siderable meteoric speed. According to the three most truthwortuy 
measurements of its time of flight, made at Breslau, Ryhnik t 
Eatibor, which accord in making it very nearly ten seconds, the velo- 
city appears to have been 2SJ miles per second. Other observations 
reduce the velocity to 18-4 miles per second. The hyperbolic 
elements of the two orbits found by Galle are given in his paper, 
side by side, for the purpose of comparison, with the hyperbolic 
elements of the aerolitic fireball of Pultusk. Both these large fire- 
halls were well seen and recorded at the Observatory in Breslau; 
and the concurrent testimony of two such well-investigated cast 
as observed by Galle, strongly indicative of a tendency of aerolitii; 
and detonating fireballs to belong to a class (if astronomical bodies 
which differ from comets or annual periodic star- showers by moving 
in hyperbolas instead of parabolas or long ellipses, so as to have 
motions of their own beyond the sphere of the sun's attraction, 
carrying there apparently from star-system to star-system instead of 
in constant revolutions about a single solar centre. It is pointed out 



1 K. E. A. ron Huff. Fogs. ■&»»., uxvi. SIS; Haudto. der Chtm., 
1 Comment, de rebut in S,i, n'.i.i X.ititrnli rt Wrificina ffettii, xxri. 17! 
3 P. Wblilcr. Hitzber. Wisn. Akad. Jfii>., 1863, February 24th. 
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hy Galle that observations of the duration, length of pnfh, and 
points of first appearance of meteors of the August and November 
star-showers may show some of the shooting-stare of those well- 
known streams to possess velocities which cannot lielong to other 
than hyperbolic orbits ; in such cases it must be assumed that the 
excessive velocities are due to some physical cause to which special 
and most accurate investigation will have to be directed. 




Found. July, 1873. — Ssyromolotowo. on the Angara, Wolost Keshrna, 
Gouv. Jenisseisk, Siberia.' 



Lopatin. the mining engineer, who at the direction of the Aca- 
demy of Sciences of St. IViurshurgh recently visited the locality at 
Krasnojarek where the "Pallas" iron was found (see Part II.) 
reports on the discovery of a block of meteoric iron weighing 12 
puds (nearly 4 cwt.) on the sandy plain on the left hank of the 
Angari. It is a pear-shaped mass exhibiting a number of pits and 
hollows which are shown in the two woodcuts, from photographs 
taken at Krasnoyarsk, which illustrate Goebel's paper; a portion of 
the surface is covered with a very thin blackish-brown layer of 
magnetite. The metal is very malleable, and so soft that it may 
be cut with a knife. A polished surface viewed by daylight exhibits 
in some directions and over certain areas a brilliant bluish lino ; 
when etched the Widmannstiitlian figures are developed in gTcat 
beauty. The beam-iron (kamaeito), occurring in stripes 10 to 1*5 
mm. in breadth and extending across the (date, is enclosed on either 
side by thin shining plates of tiuiite,'- and beyond these again lie 
dark grey patches, from 3'0 to 5 - mm. in width, of plessito or 
interstitial iron. The kamacite bands, at firat sight apparently finely 
granular, display on closer inspection a brilliant cross-hatching re- 
calling the moiri mitaUiijue of tin and the appearances which 
Tschermak noticed on the Braunau iron (see Part II.). (Q-. Rose 
ascribed this phenomenon to the lines of etching taking certain 
predominating directions in different portions of the mass; von 
Eeichenbach referred it to the embedded tiinite prisms ; while 
Volger considered it due to the scattering action on light of fine 
crystals of rhahdite). In addition to these ingredients there occur, 
occasionally and irregularly distributed through tho mass, Btnall 
very white and brilliant particles of what is believed to be laniprito 
(glanzeisen). 

The iron has the following composition : 
Iron = 32-63S; Nickel (cobalt) =7-104 ; Magnesium = 0-056 ; Silicium = 0-042 ; 
and Phosphorus = 0-163. Total = 100000. 
as well as traces of carbon and calcium, and of an insoluble crystal - 

' A. Gooliol. Bull. Ac. Imp. Be. Si. P/Unbturg, 1874, six. E44. 

a Tlii= is what has been termeil iilk't-irm on pain' 2U. Sibn-ibersite, the other 
name which the author gives this ullo;-, is resiTted for the meteoric phosphide of iron 
.iii'I. nickel. 
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line residue. The magnesium and siliciuni are probably derivee" 
from a silicate tho presence of wbicb, in very small amount, can ht 
recognised under the microscope. Many of the so-called 'irons' 
are not metallic throughout, and enclose a few, sometimes as in the 
cam i.if tho Tucson iron five, per cent, of siliceous ingredients. 



Found August, 1873.— Duel Hill, Hadisoa Co., N. Carolina. 1 

A mass of meteoric iron was found in August, 1873, on the land of 
Mr. Robert Farneswort.h, lying on a hill-side, where it had been used 
probably by the first settlers to support a corner of a rail fence 
since rotted away. (A similar block, weighing about 40Ih., was 
discovered about a mile further west, " before the war, perhaps about 
1857," but has since been covered over and lost.) The mass above 
referred to originally weighed some 251b. ; but specimens have been 
hammered off it, and it now weighs 21 lb. and measures 9 X ty 
X 3J inches. It has the usual coating of magnetite, and from 
various points of the surface bead-like drops of iron chloride exude. 
When polished and etched, "the usual markings appeared, though 
rather indistinct," and when tho action of acid was prolonged distinct 
particles of Sohreibersite were seen to protrude from the face of the 
metal. The meteorite has a specific gravity =7*46 and the following 
composition : — 

Iron 94-24 

Nickel 5-17 

Cobalt 0-37 

Copper Trace 

I'llti.nWlia 0*11 



1873, August 24th.— Marysville, California.' 

All the facts that I have yet been able to gather respecting this fall 
are that an aerolite, weighing 1-lbs.. crashed through (lie tree-tops 
with a bright flash, and was buried to the unusual depth of eight 
feet in the ground. When dug out it was so hot that it could not 
*.. If the mass ho metallic, this is one of the very few 
i record whore the fall of a meteoric iron has been wit- 



Found 1873, August 27th.— Eiaenberg, Saze-Altenburg, Germany. 1 



ne 

Fo 

A block of metal, weighing 1*679 kilog., was left exposed on the 
surface of the ground at the foot of the Schneckenberg, north of 
Etsenberg, by a heavy thunder shower washing away the surrounding 
soil. It is a finely granular iron, through which are disseminated 



1 I). S. Burton, Amtr. Journ. Sc. 1876, I 
1 Nature, let January, 1871. (From Iran 
' H. B. Ceiniti. Sitamg»-£er. dcr liis i 



Dresden, 1874,5. 
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here and there yellow particles of magnetic pyrites or troilite. 
Unlike metallic masses of undoubted meteoric origin, it contains 
neither nickel nor cobalt ; when etched with nitric acid it exhibits, 
in place of figures, minute star-like forms. It has the composi- 

Ima 87-27 

Phosphorus 



Carbon ... . 
Silicii; m;id . 
Graphite 



0-U 
1-60 



The presence of silica was confirmed by submitting the white 
amorphous, somewhat rounded particles, which remained undis- 
solved, to the action of hydrofluoric acid. 



1873, September 33rd, 510 a.m. — Khairpur, 12 miles south of 
Multan, 38 miles E.N.E. of Bhawalpur. Punjab, India. [Lat. 
29 J 5$-N.;Long.7rWE.y 

The morning is described as having been remarkably clear, and tha 
sky unclouded, with a faint glow in the east, the sun still being 
45 minutes below the horizon, when a meteor, or rather a cluster of 
meteors, appeared to the west of an observer at Khairpur. Each 
of them exceeded in brightness a star of the first magnitude, and the 
breadth of the train left behind them is estimated to have been from 
3" to 5 a . The first thought of the eye-witness was that he was gazing 
at a rocket ; this, however, was soon dispelled, as the phenomenon, 
instead of fading out, rapidly increased in brightness, and continued 
to move towards him, leaving a train behind. According to the 
report of the Eev. G. Yeates, "its motion was not very rapid but 
steady, and by the time it had reached about 10 3 of the meridian, 
*hiob it passed south of the zenith, it assumed an exceedingly bril- 
'iant appearance, the larger fragments, glowing with intense white 
bght with perhaps a shade of green, taking the lead in a cluster, 
surrounded and followed by a great number of smaller ones, each 
Rawing a train after it. which, blending together, formed a broad 
belt of a brilliant fiery red." It lit up the whole country, and pro- 
duced an effect similar to that of the electric light. It proceeded in 
'his way till it reached a point nearly due east, paling again as it 
drew near the horizon, and at about 2t) :i above it appeared to go 
°Ut rather than to fall. The train, which continued very bright for 
s °me time, was distinctly traceable three-quarters of an hour after- 
At first it, changed to a dull red ; then, as the morning broke, 
le of silvery-grey clouds that divided into several portions, and 
away on the wind. The track of the meteor was unusually 
_ , extending through nearly 180 ; . It first appeared near the star 
■Algenib, at the time about 16° above the horizon on the west, passed 

1 H. B. MedJioOtt. Jour. Mial. Sue. Bmqat, 1874, pt. ii. no. ii. 33. - The Pioneer, 

Sept. 30th, 1H73. — Brit. Auot. Btport, 187-!, Obs. Luminous Meteors, 300 G. 

' " Asltontim. Register, March, 1874. 
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close under Orion, the lowest star of which (Rigel) was very near 
tlie meridian, and disappeared as already Ktated. After this bud 
taken place, and while the train still attracted attention, there was 
perfect silence, which was at length broken by a loud report, followed 
by a long reverberation, that gradually died away like the roll of dis- 
tant thundor. This interval is estimated to have l>een four minutes. 

At Bhawalpur the explosion was sufficiently violent to shake the 
houses and slam the doors. At liliiiwiil^ui', BO mih.-s from Khairpur, 
the meteor was seen, but no explosion was heard. It was also 
observed at Jodhpur and Momdabad, and was probably visible within 
a radius of '■'•i'O miles <<{ Khairpur. 

A correspondent of The Fto-necr of the 30th September records 
his observations made on the Shujabad road, 13 miles south of 
Multan. He states that the different fragments into which th« 
meteor broke up wore distinctly visible, "more than twenty of them, 
I should say, moving in parallel courses, two or three of the larger 
ones taking the lead in tho centre, and each of them leaving a tail 
of red light behind," which blended together, funning one huge band 
of light. Tho report, which was very terrific, followed after tkfl 
lapse of about three minutes and a half, which would make the point 
where the disruption of the aerolite took place about 42 or 45 miles 
distant. The train remained very blight for some time, and (ha 
clouds into which it waB transformed were visible upwards of an 
Lour afterwards, till they faded away in the bright sunlight. 

Another correspondent, " Shikaree," states that on tho left bank 
of the Chenab, some 60 miles S.W. of Bhawalpur, the meteor dis- 
played great brilliancy, and that a double detonation followed after 
an interval of sis or seven minutes. 

One of the meteorites foil close to a man who had gone out into 
tho jungle for the purpose of nature, and frightened him so much 
that he hardly knew what occurred, and was under the impression 
that the stone pursued him for two hours. He showed the spot 
where it fell, however, and this was tho first fragment unearthed and 
forwarded by the Tuhsildar of Khairpur to Major Minchin, Political 
Agent for Bhawalpur. 

The stones fell partly in the State of Bhawalpur and partly in the 
Multan district, on either lank of the Sutlej, over an area extending 

11G miles in a direction bearing 35 a S. of E., with a breadth of abont 
three miles. The largest and perhaps the greater number fell to the 
eastward of Khairpur, and penetrated the earth to the depth of about 
I \ feet. They are preserved in the following collections in India, 
and weigh respectively : — 
l 



Geological Museum 1 2 412 

„ 3 79 

Of those stones or fragments that fell on the Multan s 
have been heard of: four at different spots near Gogewala I 
E.S.E. of Mahomed Moorut ; two at Khurampur, on the right bai 
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! Sutlej ; and one at Araoli, two miles N.W. of Khurampur. Of 
5se one only is in known hands, that iVotu Mylsi Pergimnah, which 
neighs Goz. 7Ggrs. 
The account of the physical clinnicti-rs of the stories is very meagre, 

e all very irregular in form, and are more or less broken. 

Dme of the fractures have evidently been accomplished by 
ind, and others probably took place at the moment of fulling, 
leveral appear to have occurred during the fall, as the glazed surface 
s been partially renewed. The stones are of the usual steel-grey 
our, and exhibit compact crypt o-crystalline texture. One specimen 
9 the specific gravity = 3-66. 



1873, December.— Coomassie, Kingdom of Ashantee, Africa. 1 

In a letter from the War Correspondent of The Standard it is 
tated that among the portents of evil which were observed at 
'soiuassio while the British Army halted on the banks of the Prab, 
i aerolite fell in the market-place of Coomassie. In reply to an 

implication for further details rebooting this event, Mr. Henty 
writes that he obtained his information from one of the clergymen 
f the Basle Mission, lie says : " They mentioned these ' prodigies ' 
e matters of common rumour and belief at Coomassie, but they do 

lot appear to have even made any inquiries whatever as to their 

.ruth. Coomassie was deserted when we got there, so there was no 

opportunity of gaining further information." 



1873.— Chnlafuiee. Cleborne Co., Alabama. 3 

The writer refers to a mass of iron which was found in 1873, and 
supposed at the time to be a specimen of bog iron-ore. It was taken 
to a blacksmith, who managed to remove a piece weighing 3Jtbs., 
which was wrought into horseshoe nails and a point for a plough. 
It remained where it was found till last year, when it was sent to 
Menlo Park. It weighs 32^ lbs., and its form, as well as the 
character of an etched surface, are shown in woodcuts accompanying 
the paper. An analysis shows it to contain iron and nickel, with 
a little copper, phosphorus, and carbon : it is being 
luplicate, and will be published later on. The Wiedtnannstiittian 
s are well developed, 



1874, April 10th, 757 p.m. (Prague mean time). Bohemia.' 

A detonating meteor ; conforms in radiaat-point with that of 
1876, April 9th. 






G-. A. JTi'iitv. March to Ceemame. Ltmiion : Tinsley Bros. 1874, page I 
' " Hidden, Auu-i: Jonni. AY. 1*80, sis. 370. 

Nieasl, Sitzatigtbir. Akad. H'iss. Wien, Ixit. April 19th, 1877. 
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1874, May 14th, 230 p.m.— Castalia, Nash Co., N. Carol 
[Lat. 3T ll'j Long. 77° fitt.] 

A short notice in Silliman* Journal states that the descent of these 
meteorites, numbering a dozen or more, was accompanied with n 
series of explosions and rumbling noises which lasted about four 
minutes, and were " not unlike the discharge of firearms in a battle 
a few miles off." Although the fall took place by day, a lumicooi 
body was observed. The area over which the fragments fell was 
ten miles long and three wide. Three stones, weighing 5'5, 1-0, and 
0-8 kilog., have been found. The dull -coloured crust does uot 
entirely cower the stones, the fused matter forming it being scattered 
over some small parts of the surface in the form of pear-shaped 
beads; in one or two crevices the fused material has penetrated 
G mm. below the surface, and here it is more brilliant than on the 
exterior. 

The colour of the interior is in many parts of a dark grey, owing 
to the presence of a large amount of nickel-iron ; in the lighter por- 
tions are seen some white spots of a mineral which is doubtless ensta- 
tite. The specific gravity of the stono is 2 '601, and its proximate 
composition : 

Nickel-iron 15-21 

Soluble silicate 44-92 

Insoluble silicate 39-87 

100-00 

The metallic part consists of: 

Iron = 92-12; Nickel = 6-20 ; Cobalt =0-41; Total = 98-73. 
and the siliceous portion of: 

SiO, A1,0 3 FeO MgO HaiO 8 

A. Soluhlt 3801 0-46 17'fll 41-27 — 1-01 = 98-26 

B. Jmolubk 62-61 4*80 13*21 2731 1-38 — = 9931 
The soluble silicate is an olivine, in which the ratio of Mg to Fe 

is about 5 : 2, and is almost Hum I it-;d in composition with the olivine 
of the Nashville meteorite (1S27, 31 ay 9th); the insoluble part is a 
bronzite. In addition to these minerals, the presence in the Castalia 
stones of small amounts of iron sulphide and anorthite was recognised. 









1874, May 19th, 050 a m. —Holyhead, Wales. 1 

A very brilliant meteor, oval in form and with the major diameter 
equal to the apparent diameter of the moon, was seen off Holyhead. 
It appeared stationary for the first two or three seconds, and then 
moved slowly northwards, spreading a soft green light on objects 
along its course. It 'formed' near Antaros and before it disap- 
peared in Ursa .Major si\ spirks of I he same apparent size as Jupiter 
were thrown off from the hinder portion. The disappearance of the 
meteor is stated to have been followed by a crackling sound. 
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1874, May 20th — Virba, near Vidin, Turkey.' 

This meteorite fell with a loud noise, and entered the ground to (ho 
depth of one metre ; it weighed 3*60 kilog. A fragment presented 
to the Paris Collection by Ilia Excellency Safvet 1'acha is covered 
-with the usual dull black crust : a fractured surface shows the 
meteorite to have a liglit-gvey cnlour and a very finely grained 
texture, with grains of metal distributed through the mass; in 
certain parts spherular structure is apparent. Tn a microscopic section. 
it was found that the transparent and almost entirely colourless 
stony particles act ou polarized light. The metallic portion is 
nickel-iron, the presence of an iron sulphide is recognized by the 
action of acid, and numerous, small black grains of chromite are dis- 
tributed throughout the stoue. Apart of the siliceous constituents 
gelatinize with acid, indicating the presence of olivine; and a 
residue, which resists the action and constitutes less than one-half 
of the weight of the stone, is believed to be enstatite. 

The Virba stone belongs to the large class of which the meteorite 
of Luc, Sarthe, France (1768, September 13th), may be taken as a 
type ; and is most closely allied to the aerolites of Rachmut, Island 
of Oesel, St. Denis- Wcstrom, Buschof. Llnlgaja Woljn, and those of 
other localities mentioned in Daubree's paper. 



1874, July 8th, 10 p.m.— Louisville, Kentucky. [Lat. 38" 20' S. ; 
Long. 85° 25' W-] 2 

A meteor, described as a brilliant pear-sliapod body, one-third the 
apparent diameter of the moon, moved over Louisville from N.N.W. 
to S.8.E., leaving a stream of light in its rear. When about 20° 
above the horizon it burst into threo or four parts, flashing forth red 
and blue lights, and instantly disappeared, without detonation. At 
Franklin, ISO miles S.W. of Louisville, this meteor was observed 
to take a course from N. to S.W. It had a light, bluish colour and 
cast off sparks as it proceeded. About three minutes after it burst 
a noise was heard as of distant thunder. No fragments resulting 
from the explosion have been found. 



1874, August 1st, 11 p.m. —Hexham, Northumberland. 3 

In The English Mechanic is a letter from a person signing himself 
" Ralph Lowdon," of Gateshead, stating that at the above time 
and place " a massive ball of intense light," accompanied by 
other pear-shaped balls of fire, was seeu to drop towards the earth. 
The aerolite, which is allogod to have fallen in an orchard on 

1 A. DnubrcB. Compl. rend., luii. 276. 

» J. L. Smith. Amer. Juur. He, 187.1, x. 203. 

3 The Engluh Mechanic, August 21nt, 1874. 



the honk of the North Tyne, at no great distance from Heibmn, 
is stated to have been found (he following day at 9 a.m. at a depth 
of 14 inches in the soil, still quite warm, and to have weighed 
301 Jibs. Letters directed to the above are returned by the 
Post-office authorities, while an obliging reply which I received 
from the Rev. H. C. Barker, of Hexham, states that the 
editor of The Enifli'h Mechanic must have been misinformed. The 
rev. gentleman writes: "To make assurance doubly sure, I Jiave 
made inquiry in several quarters, and cannot find even the slightest 
foundation for the statement." 



1874, November 26, 1030 a.m.— Kerilis, Commune de Mae'l- 
Pestivien. Canton de Callac (Cotes-du-Nord).' 

A great noise, lasting two minutes, and resembling a peal of 
thunder, was heard at this date at Mael-Pestivien, and for ten 
kilometres around. At the same instant a workman near the village 
of Kerilis saw the earth struck, at a spot 12 metres distant, by what 
he believed to be thunder. He visited the spot the next day, and 
found a meteorite at a depth of 0'78 metre. The stone weighed 
5'00O kilogrammes, and is covered with a remarkably thick black 
crust : a number of fragments were detached from the stone till its 
weight was reduced to 4 , 200 kilogrammes ; it then passed into the 
hands of a clergyman, who bought it and presented it to the 
Natural History Museum of Paris. 

A freshly broken surface of the stone shows a mottled and striated 
surface, with metallic grains of nickel iron ; the surface is of a deep 
grey colour with ochre- colon red spots, due doubtless to traces of iron 
chloride. The individual grains vary in size; some, the largest, are 
chalk- white, the most numerous are of an ashy-grey ; here and there 
rounded grains (the chondra of Gustav Rose) are apparent, as well 
as yellow or bronzy grains of pyrrhotine. The grains of nickel iron 
are very small. The density of the meteorite is 3-51. By the action 
of hydrogen chloride GO per cent, of the stone dissolves : this consists 
of olivine, nickel iron, and pyrrhotine; the residue under the micro- 
scope is found to consist of a great number of crystalline grains, 
much acted upon by polarised li^lit, and some of which show the 
forms of the prism ; others show the cleavage which indicates 
enstatite. Besides these are black grains of chromite with an 
octahedral oontour. 

This stone most closely resembles those of Limerick f Arlare) which 
fell 1813, September 10th, and Okaba, Siebenbourg, 1867, Ootober 
10th, and belongs to the group of Sporadosideres and the sub-group 

IOligosideres. 
' A. Laubree, Cempt. rend. 1880, wu. 28. 
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Found 1874.— Waconda, Mitehel Co., Kansas. 1 [Lat. 39= 20', 
Long. 98" Iff.] 

This meteorite was found in 187J-, lying above ground upon tlie 
elope of a ravine about two miles from the village of Waconda. 
Fragments amounting to about one-half of the stone were removed 
at the time ; the remainder, weighing about 58 lb., is partially 
covered with a block crust. The freshness of the original fracture, 
at the time when the stone was submitted to examination, points to 
the fall being one of recent date. 

It closely resembles the stone of Searsmont (21st May, 1871) in 
colour, but is less chondritic, and only exhibits this I'luiracteristic of 
certain meteorites in a very imperfect manner. Crystals of what 
appear to be augite are observed imbedded in an amorphous whitish 
ground-mass ; nickel-iron is present thickly scattered throughout 
the stone in minute rounded lustrous grains; while troilite is now 
and then met with in grains of considerable size or aggregations of 
imperfect crystals. A fragment partially covered with crust was 
found to have a specific gravity =; 3-81 ; that of another fragment 
■without crust was = 3*58. 

Mechanical separation of the ingredients was attempted, and 5 6G 
per cent of nickel-iron and 1-34 per cent, of troilite were isolated. 
Of the remaining siliceous portion rather more than one-half gela- 
tinized with acid, and was, presumably, olivine; the remainder, 
according to 1'rof. Shepard, consists of "augite, some felspathio 
species, and chladnite," by which last mineral enstatite presumably 
ia meant. There exists a rumour that a Beeond meteorite has been 
met with twelve miles distant from the above. 

Dr. Lawrence Smith found the density of this stone to vary from 
3'4 to 3-6 and its composition to be ; — 

Stony matter = 90-81 ; Nickel- iron = 5-34 ; and Troilite = 3-85. 

The nickel-iron contained : — 



Iron = 8G'1S ; Nickel - 12-02 


! Cobalt = 91 ; Copper = 00i. 


and the stony part consisted of :- 
Soluble part = 5900 ; 
which are made up of— 

Silicic acid 

Iron protoxide 


Insoluble part = 41*00. 

Soluble. Insoluble. 

34-52 ... 54-02 

3001 ... 18-10 



Magntsia 32*50 ... 23-4S 

Ifinginnon OBi ... 0-36 

Soda," with truce of potash and litliia ... 0-89 ... 1-58 

Lime ... Trace. 

The analysis clearly shows that the stony part of this meteorite 
consists of the usual mixture of olivine and pyroxene; the hydro- 
siderito predominating in the former and bronzite in the latter. 
Two minerals were detached in small quantities and analyzed 
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separately. The first was a dark-col on re il mineral readily seen in 

Ismail parcels or veins ; it was almost entirely decomposed by 
hydrogen chloride ; its composition was : — 
Bflfadsadd "" 
Iron protoxide , 
Alumina 
Magnesia 
Manganese ... , 
Soda 
It clearly belongs to the olivine type. The other mineral was found 
only in one part of the specimen which reached Dr. L. Smith; it 
formed a white crystalline mass, anil weighed about 20 mille- 
grammes. It resembled onstatito, but was completely decomposed 
by hydrochloric acid, and as far aB be could judge consisted only of 
silicic acid and magnesia. It appears to occupy the same place 
among the unisilicates as enslatite does among the bisilicates, but 
requires further examination. 



1875, February 12th, 10 30 p.m. (Chicago time).— Iowa Co., 
State of Iowa. 1 






A very largo and brilliant fireball passed over Iowa City at the 
above date, in a direction slightly N. of W. ; the apparent size of the 
meteor was about half that of the full moon, and it was accompanied 
by a broad train of light of a slightly green hue. Three separate 
explosions of the fireball were noticed while it was still in view, 
and about two or three minutes aftor it disappeared, three reports, 
resembling the discharge of the blast of a quarry, were beard. 

The phenomenon attracted general attention throughout several 
counties in the central part of the State of Iowa, and although the 
visible path of the meteor d> >es not appear to have exceeded uO to 60 
miles, the occurrence a time tod attention and was heard over an area 
measuring about 125 miles from E. to W., and half that distance 
from N. to S. An observer at Brooklyn was aroused from his bed 
by the report, and another, who was riding in a sleigh near West 
Liberty, 40 miles E. of the spot where the stones fell, states that 
objects were rendered about as visible as if it wore day ; the explosions 
being loud, and followed by a rumbling sound that lasted some 60 or 
90 seconds. According to the Griuuett Herald, the interval, as 
observed at that town, between the light of the meteor being seen 
and the report being heard was three minutes. The Des Moines 

1 A. W. Wright. Amtr. Jour. Se. ii. 459, and x, 44.— R. Hinriohs. I'rulimi nun- 
Note on the limn I'c. Melvuiili-*. n. il. — .V II. \j:\>\\\\ri\,Ainer. J,my. Se. s. — Cuttings 
fmnl AnuTi.'un nciv-]iii|HT-. kiiiillv si-nt- 1« niv t>Y I'o'l- I [ i ■■-.,■ In-l. J.W. Mallet, Amcr. 
Jmrn. Se. 1875, I. 206; N. It. Loonard, ib. \. 357 ; A. W. Wright, Arner. Joum. 
Se. 1876, ii. 253; An Acmud of the JMwintinif ,VcW- of F'heunni 12, 1875, byC. 
W. Irish, Iowa Citv, 1 S7t. itaibt Fms Job Printing Utliiv, l')iibiif|ui' Street; 
M. Delnt'outiiiiii', tiil/Hoilfri'te I'liimvllf, Ucii.W, l .175, 188; Q. A. Daubree, 
Z'lmtitut, 1875 fX..s. 105-122), US; C W. Uumiiul, XiUtm.y.ifor. Ak. Win. 
MUwhen, 1876, v. 313. 
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Beglster sfatea that between Red Itock and Newton some of the 
ineteoriteB passed ao near the earth's surface that they clipped off 
branches from the trees. 

Prof. N. R. Leonard, of the Iowa State University, slates that tbe 
meteorites weighed altogether about 250 lbs., whereof 141 lbs. came 
into his possession; Prof. Hinrichs makes the total weight about 
3001bs. Tbe largest mass, which was broken in falling, weighed 
43^ lbs. ; tbe chief fragments, found together, being 20 lbs. and 
161ba. in weight. 

According to a description, of a very sensational character, wbicb 
is given in the Dubuque Times, one of the meteorites was found in a 
field about three miles S. of the village of West Liberty, having 
penetrated, so it is staled, to a depth of fifteen feet into the ground. 

The Davruport Gazrtlr states that another stone fell at Homestead, 
near Iowa City (Lat. 41 s 46' N. ; Long. 02° f/ W.) in a field covered 
with ice and snow, and rebounded in a N.E. direction for a distance 
of mora than thirty feet up a slighl declivity, where it came to rest; 
in tbe sand which was fused and adhering to it. It weighed 
originally about 7 lbs. 6 oz., but had been reduced by eager curiosity, 
hunters to 3 lbs. 8 oz. ; the fractured surface of this meteorite bad a 
dark and less distinct coating than that belonging to the larger blocks 
from which it had boon detached by the explosion. 

Tbe stones are covered with the usual black crust, and there is 
evidence on some of the pieces of the meteoriles of the fused material 
of the outer portion having run partially over the freshly fractured 
surfaces. Some fragments show distinct evidence of a sort of 
lamination or imperfect straliticiition, the parts where tbe surfaces 
cleaved being smoothed down, as if by pressure or friction. About 
100 were found, varying in size from ItoOO lo GO grammes : Hinrichs 
obtained 60-5 kilog. in all, which have been distributed among minera- 
logioal collections, 2C> kilog. having been sent to Paris. A preliminary 
chemical examination of this meteorite has already been made by L. 
Smith and by Hinrichs. Smith finds the specific gravity to be 3-57 
and the composition : 

Nickel-iron = 12-fi4; troilite = 6-82 ; Buic&tet) = 81-64 = 100-00 
The nickel-iron consists of: 

Iron = 88-0*; nickel = 10-35 ; cobalt = 0-61 = 99-93 
■with traces of copper, phosphorus and sulphur. Tbe silicate a 
tains iron protoxide, alumina, magnesia, soda with traces of lilhia 
ami potash ; and has, according to L. Smith, very similar compositions 
to tbe meteorite of New Concord, Guernsey Co., Ohio (IStJO, 1st May). 
Daubree remarks on its chondritic structure, and considers it to belong 
to a large class of meteorites, notably represented by the stones 
which fell at Vouille (1831, May 31st) "and Aumale, Algeria (1865, 
August 25th). Hinrichs, in his " Preliminary Note," classes them 
with the Oliijo-njioriulii Siilfi-f* of Danhree, with the dark chondrites 
of Rose. He finds the nickel-iron, amounting to 7-0 per cent, to 
consist of : 

Iron = 88-0; nickel ■= 12*0; manganese — trace = 100-0 



19 HISTORY OF METEORITES. 

while the entire meteorite has the following composition : 
Nickd-u-on m 7"00 

Tmilite = 1-68 

Soluble silicate = 4040 
Insoluble silicntc - 41-92 

10000 
the lust two constituents being : 

8iO, UgOl FeO MgO CuO Jfj-,0 L'sO 

llyBloridrriU 37-0 trace' 28-7 33-1 1-2 trace trace = 100-0 

HyinrttluHt 63-0 — 1B-S 21-6 4-9 — — = 100-0 

The ratio of FeO to MgO is much the same in both soluble and 
insoluble portions, as the following oxygen ratios indicate : 

Soluble Portion. Insoluble 1'ertion. 

Silicic acid... 19-78 287* 

Iron pretoiida 6-3B) 4-36 1 

Mnjrncsia ... 13-281 19-93 8"64 | 14-38 

lime 0*32) 1*39) 

This meteorite, being of tho stony kind, and having so recently 
fallen, it occurred to Wright to examine the gases contained ia 
the particles of iron distributed throughout its mass with a view 
to learning whether they present tho same characters as the gases 
occluded by the iron forming larger and independent masses. 

Ho extracted from this picked iron at a moderately elevated tem- 
perature several times its volume of gas, consisting of 35 per cent 
of carbonic acid. 14 per cent, of carbonic oxide, the remaining -19 per 
cent, being chiefly hydrogen. These results were obtained from 
metallic portions removed with the magnet; the pulverised rocky 
residue, however, retained a considerable amount of iron in too finely 
divided partides to enable them to lift the stony fragments adhering- 
to them ; accordingly a piece of the solid meteorite, about four cubic 
centimetres in amount, was reduced to powder and placed in tho tuba 
attached to the pump. The warmth of the hand sufficed to disengage 
some little gas, which, when tested, was found to contain carbonic 
acid and hydrogon. The pump was then set in action, and heat 
applied to the tube in the following manner. I. The temperature 
of boiling water continued for several hours. II. The moderate 
heat (200 1 — 250°) of a small Bunsen flame applied for a short time. 
III. A stronger heal, kept below visible redness, applied for nearly 
an hour. IV. Low red heat maintained about half an hour. V. 

I Full rod heat. The total amount of gas evolved was about two and 
a half times tho volume of the material operated upon, and twenty 
times that of the iron. Below are given the relative proportions of 
tho gases obtained at different temperatures: 



Below At low At full 

At 100° At 250° red hent. red heat. red heat, 

Guboai( n-'iil 95-40 ... 92-32 ... 42-27 ... 35-82 ... 6-56 

Curl. .mic oxide ... 0"00 ? ... 1-83 ... 6-11 ... 0-49 ... 0-00 

Hydrogen 4-54 ... 5-80 ... 48-06 ... 68*51 ... 87-63 

Nitrugni (calculaU-d) 0*00 .. 0-00 ... 4 66 ... S-18 ... 6*01 
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As regards the gas they occlude, iron and stony meteorites show a 
marked distinction. While the gases of the Lenarto iron contained 
85-68 per cent, of hydrogen, those obtained from cosmical masses of 
the stony kind, if the Iowa meteorite may bo regarded as a type, are 
characterised by the presence of carbonic acid, which constitutes nine- 
tenths of the gas evolved at the temperature of boiling water, and 
about one-half of that given off at a low red heat. 

The spectrum of the gas of the Iowa meteorite, when the pressure 
of the pump was high, gave very brilliant carbon bands, the hydro- 
gen lines being weak and iximparatively inconspicuous, although at a 
very low pressure they became relatively stronger. The brightest, 
carbon bauds were the three in the green and blue, the red one being 
much feebler. These are precisely the ones most conspicuous in the 
spectra of some of the comets, and this fact is a remarkable confirm- 
ation of the received theory as to the meteoric character of those 
bodies. 

This, moreover, is a very significant fact in showing that it is quite 
unnecessary to assume the existence of volatile hydrocarbons to 
explain cometary spectra, as some writers have done ; and that the 
presence of the two oxides of carbon in such ijuautity is <p:i to sufficient 
to account for all that has been observed when we consider the circum- 
stance that the tension of the gases of tin? couii'tary appendage must 
he extremely small. Were a large comet to approach near enough 
to the sim to have its nucleus intensely heated, it is highly probable 
that, over and above the bauds already observed, the hydrogen lines 
would be found in its spectrum. 

Wright expresses regret that, such a comet as Donati's shonld have 
departed into space just early enough to escape observation with the 
spectroscope. While [lie most probable cause of the emission of light 
under these conditions is electricity, another may be found in the 
property of gaseous bodies of entitling light of the same character as 
that which they absorb. It is not allo^eiher improbable, Wright 
suggests, that the solar radiations absorbed by the gaseous matter, 
although for the most part converted into heat, would also in part be 
emitted again as light, and that in the ease of volumes of gas filling 
many cubic inches, the intensity might be sufficient to give a distinct 
spectrum of broad bands or lines, even though, on the scale of any 
possible experiment, no trace of such an action can be detected. 
These researches have led the author to accept the following 
conclusions : 

1. The stony meteorites are distinguished from those which are 
metallic by occluding the oxides of carbon, chiefly carbonic acid, as 
their characteristic gases, in place of hydrogen. 

2. The proportion of carbonic acid evolved is much greater at 
low than at high temperatures, and is sufficient to mask the hydrogen 
in the spectrum. 

3. The amount of gas contained in a large meteorite, or a cluster 
of such bodies, serving as a cometary nucleus, is sufficient to form 
the train, as ordinarily observed. 
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4. Tlie spectrum of these gases closely resembles that of several 
of the comets. 

The emission of gaseous constituents by the action of solar heat 
may explain the loss of tail and the diminution of brilliancy observed 
in the case of several comets in their successive revolutions, and their 
final disappearance from eight will follow as an inevitable o 
quence, the number of revolutions necessary to discharge the L 
depending chiefly on their size and the nearness of their approach lo 
the sun at their perihelia. When a meteorite enters our atmosphere, 
the gases which are evolved from it by the beat which is liberated, 
must greatly contribute to increaso the intensity of that heat, while 
the sudden expansion which these gases experience must constitute 
the leading cause of the violent disruption of these r. 

The conclusions arrived at by Wright, on examining the gases 
occluded by the iron of these meteorites, have been referred to. 
considered that the stony meteorites were distinguished from the 
iron ones by having the oxides of carbon, chiefly the dioxide, ( 
their characteristic gases instead of hydrogen. This theory hi 
been called in question by Mallet, who refers to his examination of 
the gases of the iron of Augusta Co., Virginia, where the ratio of 
the oxides of carbon to hydrogen is 4 : 3, and to his having pointed 
out in 1872 that hydrogen conld no longer be regarded as ihi 
characteristic gaseous ingredient of meteoric iron. In his paper of 
that date he stated that although it might be assumed that carbonic 
oxide would be the original form in wiiich the gaseous carbnn- 
compounds existed in the iron, and that it broke up at the tempenton 
of the experiment into carbon retained by the iron and into carbonic 
acid, yet in view of the steady decrease of the quantity of the latter 
gas which was evolved as the experiment proceeded, it seerat 
likely that a larger amount of carbon originally existed 
higher state of oxidation. Mallet considers that, when all tl 
cumstances of the experiment are considered in each case, Wright's 
conclusion cannot be sustained. 

In a paper dated some months later, Wright replies to Mallet's 
criticism. He states that he only meant this expression of opinion 
to be tentative, but that the Tesrilts of further work completely 
justify the conclusion at which ho had arrived. He has re-examined 
the gases of the iron of this meteorite, and examined those of the 
iron of some other stony meteorites, such as Ohio, Pultusk, Parnallee, 
and Weston, and finds that not only do the stony meteorites give off 
a much larger volume of gas at low temperatures, but the composi- 
tion of the gas in all the cases studied is quite different from that 
evolved from meteoric iron. In no case among the results obtained 
with the alloy is the amount of carhonio acid greater than 20 per 
cent, at oOO 11 , nor than 15 per cent, of the whole quantity evolved, 
while in every case but one the volume of earbonic oxide is con- 
siderably larger. In the chondritic meteorites, on the other hand, 
the per-centage of the latter gas is conspicuously small, while the 
carbonic acid constitutes more than half the total gas evolved below 
a red heat, except in the case of the meteorite under considers tioi 
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»hich fell at Iowa, and here the per-centage is not much less, espe- 
Kally if we reject the numbers representing the amount obtained by 
1 second and long-continued application of a red heat. At a tem- 
Wrature of about 350° it constitutes from BO to 90 per cent, of the 

rDUS products, and at 100° it forma more than 95 per cent, of 
gas evolved. The hydrogen, on the other band, progressively 
icreases in quantity with the rise of temperature, and is the most 
Dportatit constituent of the first portions removed at a red beat. 
he form in which the carbonic acid is occluded is a problem which 
a cannot at present solve. That it is actually absorbed appears to 
b certain, That it has been taken up from the atmosphere has been 
roposed. He finds, however, that the iron of the Iowa meteorite 
mtains no more carbonic acid now than it did at the time of its 

Leonard gives a detailed account of the appearance presented by 
i© meteor, which is stated to have been seen throughout a region 
00 miles from S.W. to N.E., and 250 miles in breadth. The stones 
ary in weight from a few ounces to 74 lbs., and the aggregate 
'eight is 500 lbs. ; the area over which they were scattered appears 

be seven miles in length, and four miles at its greatest breadth. 
t plan of tbe townships included in th'iB area is given in Leonard's 
>aper, and it shows where the chief stones fell. By reason of the 
rozen condition of the ground at the time of the fall, and the low 
■ngleof descent, it appears probable that almost all the fragments 
vhich fell have been secured. The velocity of the meteor has not 
'een satisfactorily determined; it appears probable that during the 
aat 60 or 70 miles of its course it travelled at the rate of from six to 
even miles per second. 

An. interesting pamphlet by Mr. Irish, C.E., deals with the appear- 
Oce presented by the meteor. He has incorporated in his paper a 

1 umber of letters received from observers stationed over a wide area, 
^escribing their impressions as to its altitude, velocity and appear- 
nce ; and be has given a drawing of tlio meteor, and prepared a 
nap of the district, showing tbe projection of its path through the 
ir. I learn by a recent letter from Mr. Irish that two blocks, one 
reigbiug 72 lbs., the other 48 lbs., which evidently formed one and 
he same mass which was disrupted during the descent, have Bince 
ieen found ; and the aggregate weight of the stones now collected 
annot be lees than 7U0 lbs. I am also indebted to Mr. Irish for six 
xcellent photographs of the Iowa stones, sixty-seven in number, 
/hicb form the collections of Prof. Hinrichs, Mr. J. P. Irish, and 
iniself. They were token by Mr. Thomas James, of Iowa city, and 
re in the very best, style of plmuigraphic art. 

Prof. Uiimbel, of Munich, lias recently published an interesting 
aper on the characters of this meteorite. He finds the crust to 
ossess a deep bottle-green or brownish-red colour, and to possess 
l polarized light all the characters of an amorphous glass-like mass, 
^heu a fragment is heated, it turns of a dark-brown colour, like that 
oliced by him in the eruptive rocks of the Fichtelgebirg, arid ho 
rds tins change as a safe indication of the presence of olivine. 
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The composition of the stone is found to be : — 

Meteoric iron 12*32 

Troilite 525 

Silicate, decomposed by acid 48*11 

Silicate, not acted upon by acid 34*32 

100*00 

The silicate decomposed by acid is an olivine, having the for 
2 (f MgO, J FeO), SiO, ; and the insoluble silicate, which has 
regarded by Dr. Lawrence Smith as pyroxene, gave the ox 
ratios — silicic acid = 29*68 ; bases = 10*29. It appears not in 
bable that in this case the silicate was not completely decomj 
daring analysis. 

The paper is illustrated with an interesting plate of a micros* 
section, showing olivine, augite, meteoric iron, chromite, tro 
particles of a reddish hue which resemble garnet but which do 
refract light and exhibit optical characters which will not alio 
their being identified with nosean, and chondra showing fib- 
radiate, and granular structure, as well as others which evide 
consist of olivine, and some which are opaque and finely gram 
The meteoric iron has a hackly angular structure, and has the 
pearance which it would present if reduced to the metallic state 
the position which it at present occupies. 



End of Part I. 
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PAET n. 

In this Part it is proposed to present a digest, similar to that given 
in Part I., of the memoirs and notices published during the years 
1869 — 1875 in reference to meteorites, which either have been seen 
to fall or have been found at a date earlier than the beginning of 18(39, 
including a description of their history, or of any investigations of 
tbe physical and chemical characters of these meteorites, together 
with such results as tend to correct earlier analyses. 



The Pre-Homeric Meteoric Irons.' 

Von Haidinger, in April, 1870, in a letter addressed to Pr. von 
Haaer, directed attention to a communication which ho had received 
from Sir John Herschtl. supplementing a short notice on the above 
subject,' which was sent to von Haidingor six years previously by 
Prof. Miller, of Cambridge. 

1 W. von Haidinger. Mitt. Anlhrop. Gesell. Witn, i. no. 3, 63. 
3 W. von Haidinger. Hii;\uig*ber. Acad. Wiss. J) 
paper, Em vorhumeriscJier Fall von feci Meteoreii 
attention to Iliad, it. 19-82: 

19. "AKftsvu S*= 8™> 

31 niSpous i'ft-1 Tpofjj 

32. KdflBaW Sippa teAoito «al inraiu'nouri iruflsVfla.. 

Miller remarking that thou lines wm: end used in lirni'hets, and given as doubtful, 
applied to Babington, who mote : Iliad, xv. 30. Memorat Eustuthios post hunc 
Voranm nonnullus adiicriusisse Ii.ia versos: 

Tlp\v 3te (Jj nfarfKuaa mlSr piBpnus fi'&d Tpofji 
KdBdaAov vifipa v4\oito sal favopAwin ^ufltrrflni- 
Adding as n commentar y : Kal iewvuvrat, ipainv, inrb Tar vymiytpr&r oi tuioutdi /ivSpoi. 
f" lamps of this kind they say net- planted tun hv the Periegetae "1. Eustathiitii ivas 
Artliliisl)"|i "f TSxvsjiliniiiai, ;i:i.i di-d in 1 IflN, M"re.-.v. r, liissays thai, the Peiiegetao 
called them "anvils from above (fallen from heaven)." Von Haidinger points to 
the incomplete cliarsic-tpr «i the n;issai.'e "illicit lim.s 31 and 32: — 

Dann dir er-l Uist." ieh div r'iU-t. die likmipin ;dier nar ; h Troja. 
Warf ieh hinah. ivx-li Hjiatern < li^ehleehti in »]■■ That ?m vorkiinden. 
He also alludes to tin; liiei llial lien ir.-.n inns^rs iVll at lirannmi, Lohemia, and tico 

at Cranhonrne, near Mel I [lie. Australia. — It i> nui » lit lie t.nneus, in its bearing 

on this question, In liin.i thai ilie Egyptian word for iron, liaa-en-pe, of which two 
forms are given below, also signifies ' stone, or metal of heaven': 
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Herschel points out that the Trojan irons do not constitute the only 
instance in the writings of Homer where that metal is mentioned in 
a manner to provoke the assumption that all the iron used at that 
time by the Greeks was of meteoric origin. The masis of iron which 
Achilles offered as a prize at the funeral games of Fatroclus, 
and which had been carried off as treasure from the palace of 
Eetion, is described as oakav avro^oinvav (crude, self-fused) ; while 
to show the scarcity of iron in those times, it is stated that this 
block of metal, though of such a size that a strong man could hurl 
it some distance-, would prove a sufficient supply of iron for fire 
years to tho winner, and render unnecessary a journey to the city 
for the purcbaso of that metal. Again, among the prizes for the 
archers we find, in addition to ten two-edged axes and ten hatchel* 
of bronze, loevra o-l&rjpov as material for arrow-heads. This ia not 
" crude, solf-molten " (meteoric ?) iron, but forged metal, converted 
probably on the surface by cementation into Bteel. It is far from 
improbable that in early times, before the art of forging iron wis 
known, many metallic masses of inel curie origin lay strewn over the 
then known surface of our planet, which, as their adaptation to the 
useful arts became known, were collected and turned to use, as was 
the case with gold. Ton Haidinger further called attention to tie 
statement in Sir John Herschel's letter that the latter bad noticed 
these references to the early use of iron before he perused the former's 
first report published in 1864. Herschel remarks, moreover, thai 
in south-east Africa considerable masses of nickel- iron have been 
met with, 1 which were collected and worked into implements by th* 
aborigines, when they learned their value by intercourse with Euro- 
peans. Further instances where iron is mentioned are to be found 
in Iliad, iv. 4SG. and Odyssey, i. 184.' 2 We know of other cases 
where meteoric iron has been worked into implements ; among 
which may be mentioned the iron of Arva, Szlanicza, Hungary, and 
that composing tho blades of tho Esquimaux knives discovered in 
1819 by General Sir Edward Sabine, 1 which are in the British 
Museum Collection of Meteorites. (See also page 40.) 



Reference to a Meteorite in the Time of Buddha. 

In the pages of ancient history tho fall of stones from heaven has 
not unfrequently been placed on record. The reader who may desira 
to know where these notices are to be met with is referred to 

1 0. Luchner. Die Feueraeteore. Gicnsen : 1859. Pnge 128. 
1 For the early history of iron seo F. X. M. Zippe. Gold, Kupfer, Eisen. Ai- 
manaeh Al-ad. IfV.™. ifun, 1856, Allium)!. 1:15.— F. X. M. Zippe. Gcscliichti if 

llilai/i: Vicmiii, 1 S-j7. — K. tiuililiol/. 1 Hi' IImtiiovlm-Sscii ituislirii. Lt'ipzij; : 1ST!. 
(i'ljiipk-r (iu Mii!-i:'.l.^-v\ 2S0-34'J.— On Knnii; Kudimvs as to ilii'Vurv Enrlv Uw of 
Iron, lly St. J. V. Day. Two communications of the Phil. Sue. Glatgtw. Edc- 
burgh: 1871 and 1873. On tlie High Antiquity of Iron and Steel, lly the aame 
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the article " Meteorolite " in the last edition of the Encyclopedia 
Britanxtica. Our present purpose is merely to direct attention to an 
allusion to a meteorite in Mr. Beal's interesting volume entitled 
" Tho Romantic Legend of Sfikya Buddha," ' which has recently 
appeared ; it takes us back to the sixth century B.C., to a more recent 
date than that of the shower of stones, stated hy Livy to have fallen 
on the Alban Mount, but previous to the descent of the great stone 
near iEgospotanioii, described by Pliny, and mentioned in The Parian 
Chronicle. Although in the present instance the fall of a stone 
is merely forotold, every allusion to occurrences of this kind in 
early writings is of interest. 

Mr. Beal's work is a translation of the Chinese version of the 
" Abhinishkraimm.i Sul-ru," which was written in that language by a 
BuddhiBt priest from North India, who resided in China during tho 
Tsui dynasty (the end of the sixth century a.d.). The story of 
" The offering of Food by Two Merchants " (chap, xxxii.) tells how 
"the world-honoured one " sat in the Ktchiniika grove forty-nine 
days, and that he took no food. Two merchants of North India, 
■who wore carrying valuable goods to Middle India, came that way, 
and as they passed the Guardian Spirit of the grove assumed a 
bodily form, and stood in front of the oxen, which were afraid to 
go on. The merchants being filled with terror, the Guardian T)eva 
again assumed a bodily form, and told them not to fear, and to offer 
food to the Buddha. Then Buddha having accepted their offering, 
"delivered their caravan from its difficulties, and presented them 
(in consequence of their request for some memorial of biin) with a 
hair and fragments of his nails, telling them that hereafter a stone 
should fall from heaven near tho place where they lived, and that 
they should erect a pagoda and worship the relics as though they 
were Buddha himself." 



1325. — Birki, near Arzernim (Erzroum), Anatolia, Turkey. 1 

My attention has been directed by Mr. William Simpson to an ac- 
count of a meteorite, probably a block of meteoric iron, which is 
given in the translation from the Arabic of " The Travels of Ibn 
Batuta." It appears that a Mahomroodan, who had started on his 
travels from Tanjiers, came in tho year 1825 to Birki, near Erzroum, 
and had audience with the king. " The king one day said to me, 
Have you ever seen a stone that came down from heaven? I 
answered, No. He continued, Such a stone has fallen in the 
environs of our city. He then called some men, and orderod them 

1 The Komantic Legend of Silkya Buddha: from tho Chinese- Sanscrit. By 
S. Beat. 1876- London: Trubuer. Tage 238. 

! Tho Travels of Ibn Batuta. Translated from the abridged Arabic Manuscript 
Copies preserved in the University of Cambridge. By the Rev. S. Lee. Printed for 
the Oriental Translation Committee. 1829. London : J. Murray. Page 72. 
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to bring the stone, wliich they did. It was a black, solid, exceedingly 
Intnl. and shining substance. If weighed, it would probably exceed 
a talent (according to some 112, to others 120 lbs. weight). He 
then ordered some stone-cutters to come in, when four came forward. 
He commanded tliom to strike upon it. They all struck together 
upon it accordingly with an iron hammer four successive strokes, 
which however made not the least impression upon it. I was much 
astonished at this. The king then ordered the stone to be taken to 
its place." 



1628, April 9th, about 6 p.m. — Chalows and Barking 1 , new 
Wantage, Berkshire. 1 

Mr. Webb directs attention to a letter, preserved in Wellington's 
Historical Notices, i. 13, which was written in 1628 "by Mr. John 
Hoskins, dwelling at Wantage, to his son-in-law, Mr. Dawson, a gun- 
smith, dwelling in the Miuories without Aldgate," relating to the fall 
of meteorites. Describing the explosion, Hoskins says: " It began as 
followetli : — First, its it. were, one piece of ordnance went off alone. 
Then, after that, a little distance, two more ; and then they wont as 
thick as ever I heard a volley of shot in all my life ; and after that, 

as if it wero the sound of a drum Yet this was not all; 

but, as it is reported, there fell divers stoness, but two is certain ia 
out knowledge. The ono fell at Chalows, half a mile off (from 
Wantage), and the other at Barking, five miles off. Your mother 
was at the place where one of them fell knee deep, till it came to 
the very rock, and when it came at the hard rock it broke, and being 
weighed, all the pieces together, they weighed six -and- twenty pound. 
The other that was taken up at the other place (Barking) weighed 
half a tod, 14 pound." 



I 



1640, May 24th (N.S.) about Noon.— Antony, near Plymouth. 1 

Among the tracts and broadsheets incorporated in the valuable 
catalogue of the writings of Cornishmen, Billiotlieca Co-rnvbiensii, 
is one by the Bev. Arthur Bache bearing the titlo, "The Voyce 
of the Lord in the Temple ; or a most strange and wondcrfull Rela- 
tion of God's great Power, Providence, and Mercy, in sending very 
strange sounds, fires, and a Fiery Kail into the Church of Anthony, 
neere Plimntouth, in Cornwall, on Whit Sunday last, 1640. To the 
scorching and askiiiislmienl- of li.mrtceii sevevall persons who were 
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smitten, and likewise to the great Terrour of all the oilier people 
then present, being about 200," etc. This little pamphlet ia chiefly 
devoted to harrowing descriptions of " divers hurts" received by 
the congregation. One man, in recording his experiences, stated 
that be heard " as it were the hissing of a great shot," It in not 
improbablo that this phenomenon was caused by lightning. 



Found 1751.— Steinbach, Saxony. 

For a short description of the probable composition of this b 
olite see the lh-r-iti.:nbi.u:h meteorite. 



1776. — Krasnojarsk, Siberia. (The Fallas Iron.) 1 

This celebrated siderolite has recently been sawn into two nearly 
equal parts, and the occasion prnsi.sn ted a fitting opportunity for an 
exhaustive examination of its constituent minerals, more especially 
of the olivine forming the chief ingredient. It was accordingly 
undertaken by von Kokscharow, at the desire of the Imperial 
Academy of Sciences, and bis memoir is mainly devoted to a de- 
scription of the crystallography characters of the silicate onclosed 
in the nickel-iron. 

He finds that tins interior presents no new loading features. The 
olivine, which has a greater number of oiy.stal-i'acta than Pallas ob- 
served on it, occurs not only in splierular or drop-like masses bearing 
numerous faces, but in tolerably well -developed crystals, which, 
though rounded here and there, exhibit sharp edges, and a consider- 
able number of forms, some of which have not been observed on 
terrestrial olivine. The individual crystal has generally a rounded 
surface, on which the planes lie ; and although these are separated 
from each other by curved areas, their mutual inclination enables 
the observer to identify them. They are in most instances smooth 
and lustrous, and allow of ihu most accurate goiiio metrical measure- 
ment being performed. The best developed faces are: c = oP; 
d = P co; and o = \ P. ISiot - showed half a century since that 
these rounded masses of olivine exhibit crystalline structure, and 
possess two optic axo3. The first niiuuto investigation of them 
was conducted by G. Rose. 3 

Kose observed eleven crystal-forms on the Pallas olivine ; von 

1 N. von Koksoiiarow. Bid!. VAtad. Imp. *;. ttl.-l'eterHljottrg, 1870, xx., No. 3, 
Slrmoins 1' Ami. Imp. fie. Ht.-I^lirsliunrff, xv., ,\... I}. J,ihrb. M„:enih»jk. 1S70, 
778.— E. H. vein Bmimlinucr. Archies N- : ,rl,imhiw, 1371, vi.— (!. von Helraer- 
ten. ZriUch. Ih-ul,ch. (lent. (hadi. sx\., 347.— A <iw.UA. Bull. Ac. Imp. Sc. St. 
pelenbrntrg, 1S7!, IX. 100. 

Bull, lit hi fine. Philomtitlque, 1B20, 89. 
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Ke-kscharow has added eight more, making nineteen ultogeta, 
which are as follow : 
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:, and a, are those described by 
Rose ; the remainder were not only previously unknown on Pallas 
olivine, but, with the exception of /* and w, have not been met with 
on chrysolite from any locality. The brachydome w has recently 
been noticed by vom Hath' on the olivine of the Laachorsee sanidine. 
Although the crystal-faces of the Pallas olivine are somewhat nu- 
merous, P 2, noticed by Descloizeaux,"- and coP4, as well as the 
macro pin aeoid b = ce P cc of other observers, have not been noticed. 
In two of the plates accompanying the memoir the author gives eight 
projections of the more important combinations of the above forms, 
while in a third plate they are all graphically represented according 
to Neumann and Qucnstedt's method. 

On comparing his measurements of tho faces of the Pallas olivine 
with the numbers obtained by Mohs, von Haidinger, Scacehi," and 
himself, when examining crystals of olivine from other sources, the 
author finds almost complete accordance bal ween them, and deduces 
the following numbers for the axes of the olivine crystal : 






He then proceeds to establish their correctness by comparing ill 
detail the calculated values with those obtained by measuring the 
meteoric olivine, and that from Egypt and Vesuvius, as well as speci- 
mens of the mineral from other localities, investigated by Mobs and 
von J [aidinger. 

Rose ' was the first to observe under the microscope the remarkable 



1 G. vom Rath. Pt#g. Ann.. 1868, tnTO., 580. 

1 A. Ilt'M'loizejui. Man/id ,k Alinrrtitogit, i., 30. 

' A. Si'nochi. Fogg. Ann., Eriittnamgibundva,, 184. 

1 G. Boso. Besclii-ctbuiiy m.-.l 'iiiHtlutfuiig der Mileoriten, Berlin, ; 
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structure of this olivine. On examining a section, 2£ mm. in thick- 
ness, he noticed, oven with very low powers, that it was traversed 
"*? a number of straight black lines lying parallel to each other ; bo 
sharp and regular were they, that they resembled lines described on 
paper with a drawing pen. When magnified 1300 to 300 diameters, 
'hey appeared to be tubes, sometimes empty, sometimes filled 
*>we or less with a Mack or light grey substance, or both substances. 
■Jo one crystal with two small faces /:, and between them the face a, 
it was noticed that the faces a and the tubes reflect light at the same 
instant, and that they lie at right angles to the axis of the zone ha. 
Von Kokscharow found theso canals in every granule of the Pallas 
olivine which he examined ; one crystal, 6 mm. in diameter, through 
which a section was cut, exhibited 17 of them under a pocket lens, 
and many moro in tho microscope ; they were all parallel to the 
edge sr, that is to say, parallel to the vertical crysliillagrnphic axis. 
A mean of nine measurements of the angle which these canals form 
with the edge ea {which were made with a very good goniometer, 
designed by von Auerbacli and cousin leled bv lliinmiek't was found 
to be 38° 28', the calculated angle being 38* 27' 12". The piano of 
the optic axes lies at right angles to tho canals, and therefore to the 
crystallographic vertical axis ; in short, this plane in Pallas olivine, 
as in the terrestrial specimens, is parallel to the basal pinocoid c = 
oP. 

The canals were studied in seven sections of crystals, and drawings 
of them are given in a plate. By altering the focus of tho micro-- 
acope, canals lying at various depths are brought into view ; when 
a certain thickness of the olivino has boen traversed, the doubly- 
refractive power of the intervening layer of the mineral causes the 
canals to appear double. Another effect of this property of the 
crystal is that the magnifying power of the microscope is also 
apparently somowhat increased. The partial overlapping of the two 
images of a canal givos it the appearance of a tube filled throughout 
the entire length with black material ; others, again, viewed through 
greater thicknesses of the mineral, appear as two distinct tubes. 
Examination with a Nieol or a tourmaline plate at once convinces tho 
observer that these effects are due to double refraction. 

The enclosed black and grey matter is found sometimes at one end 
only of a tube, sometime* in the middle, or again at different points 
in its length, in which case it presents the appearance of a ther- 
mometer, the mercurial column of which has been broken. Other 
sections are described which were prepared so that the tubes were 
Cut obliquely, or at right angles. The results of an examination of 
these sections in polarized light supports the assumption that these 
appearances are caused by hollows traversing tho olivine, and not by 
transparent crystals cuolosod in it.' 

1 It shoiud be mentioned that Boss (St-.v/n-. wui Einlh. Mel., 76) found these 
canals in ;. r ruat perfection and abundance in the olivine in' llu; niL'te'inti. 1 found at 
tli'iiliin, Minsk, ](ii..-iii (I8IU1, .i -iilrinliu 1 iu'iii-iii<r tin; i.'1i."j..L r^eudilance to the 
Folios iron. TIib mineral occurring in the sidu-nlitos nf IiiUi.Tsiri'un unci Stcinkidi, 

which Rose termed divine, 1 «i>me <>l t !■«- un^lc-s nf wliu'.h In: fi d t'l accord with. 

those of the olivine of the i'allas and Brahin siderolites, is probably not olivine, but 
broniito. 
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This olivine was investigated chemically by Howard, Rlop- 
roth, Strorneyer, Wnlnistedt, and Berzelius. It has recently ben 
examined by H.I.H. the Grand-Duke Nikolai Maximilianovitsck 
von Leuchtenberg ; the mean numbers resulting from his ooaljMl 
are given under I. Von Baiinmauer, to whose paper we shah im- 
mediately turn our consideration, also publishes a new analysis of 
this silicate (II.), and gives in juxtaposition the theoretical numbers 
(III.) corresponding to an olivine with the formula: 
2 FeO, SiO, + 7 (2 MgO, Si0 3 ). 

I. II. III. 

Silicic seid 40 !4 ... ... 40-87 40 70 

Majtimsiii 4741 4H93 47 17 

Iron protoxide H'8U 12-11 IM3 

Nickel proton id* trace 

Manganese protoxide o 29 trace 

Alumina 0-06 

Tinoiido 0-09 

00-88 0901 100-00 

Kumler found arsenic in this silicate, and Howard half a per cent. 
of oxide of oickal. The Duko of Leuchtenberg discovered none of 
this oxide in the specimens which he examined. It is not improbable 
that Howard may have fallen into error through the presence of 
organic matter in the ammonia, employed in his analysis, having 
rendered tbo precipitation of the iron oxide incomplete. 

Von Kokscbarow finds the specific gravity of some very purs 
crystals of the olivine to be 3-3372 ; of some brown fractured granules, 
3-3415 ; the mean being 3-3393. 

Many terrcytriiU olivines contain nickel protoxide, 
found 2-35 per cent, in the variety of this mineral occurring 
basalt of Petschau, in Bohemia ; Genth determined its presence in 
that from Thjorsalava, of Hekla ; and Savtorius von Waltersbausen 
in the olivine of the Fiumara di Mascali, near Etna. It has also 
been detected in the olivino of Langeac, Haute-Loire ; it forms u. 
constituent of that mineral as met with in the Iherzolite of the 
Pyrenees, in the lava of the Isle of Bourbon, in the basalt of 
Sneefels-Jookul, Iceland, in the melaphyre of Oberstein, and in the 
dunite of Ht. Dun, New Zealand. A knowledge of these facts in- 
duced von Baumliauer to examine with great care the Pallas olivine 
for nickel. 

That portion of a meteorite which, after the nickel-iron has been 
removed with a magnet, dissolves in acid, is usually regarded as 
olivine, 2 RO, Si0 2 . Small quantities of alumina, lime, manga- 
nese, and nickel protoxide, and occasionally of alkalies, are, it is true, 
Lalso found in the solution ; but with the exception of the nickel oxide, 
the occurrence of which is ascribed to the incomplete removal of the 
nickel-iron by the magnet, the presence of these ingredients is attri- 
buted to the incipient decomposition, even in the cold, of the other 
silicates of the meteorite.' Mercury chloride, a reagent the use of which 
1 It has been finim] ilmt tin; ciislatitti m I lie Ijutti mi.-in'nie (ivhidi see) is slowlj 
decomposed by bjdroebioric acid. 




was proposed by Rammelsberg, enables us to separate by solutii 
nickel-iron from all the silicates. Tlie sublimate, bowever, does not 
dissolve any portion of the nickel-iron wbieb by oxidation may 
have been converted into hydrated oxide of iron and oxide of nickel. 
To remove tbeni von Baumliauer heats tlie powder, which has pre- 
viously been treated with the chloride, in a current of hydrogen, 
and, after reducing the oxides to the state of metal, subjects the 
powder once or twice more to the action of the sublimate in an 
atmosphere of hydrogen. By careful selection and treatment in the 
above manner, he proceeded to operate on some apparently pure 
olivine from the Pallas meteorite ; it was of a clear yellow colour, 
and, when heated for half an hour in hydrogen, lost no weight. It 
was then broken up with acid, and analysed by the usual method; 
the iron oxide retaining any nickel oxide that may be present was 
twice dissolved in acid and thrown down with ammonia, The three 
filtrates, containing all tlie magnesia, were treated with ammonium 
sulphide, which produced a black precipitate, so small in quantity 
that it could not be weighed. Before tbo blowpipe it displayed the 
characteristic reactions of a compound of nickel. 

Von Baumliauer expresses a doubt whether the nickel may not have 
been a constituent of a trace of the metallic alloy which, in spite of 
all precautions, had adhered to the silicate. It is, moreover, a 
question whether the repeated precipitation of the iron oxide with 
ammonia, even in the presenco of a largo excess of ammonium 
chloride, would effect the removal of a very small proportion of 
nickel oxide in so complete a manner as Field's method with lead 

In May, 1873, von Helmersen addressed a letter to G. Rose, 
stating that several members of tlie Academy of Sciences of St. 
Petersburg, Schmidt, Sclirenck, von Kokscharow, himself and others, 
had advised the Academy to institute an inquiry into the nature of 
the ground of the locality where the Pallas siderohle was found, 
they being of opinion that such an investigation might throw 
light on its history, just as an examination of the rocks of Disko 
had proved of great value in facilitating the study of the Ovifak 
meteorites. Lopatin, a mining engineer stationed in Eastern Siberia, 
was directed to proceed to Krasnojarsk for that purpose, and the 
result of his explorations has appeared iu a very elaborate 
memoir recently published by Goebel. In this [taper the author 
discusses in the fullest details the arguments advanced, especially by 
Chancourtois, ! to show that the Pallas iron is not of meteoric origin. 
It bad been stated by Metticb that ;i very rich iron ore abounds on 
the hill, close to the spot where the Pallas siderolite was discovered, 
an ore described as magnetic, and as containing about 70 per cent, of 
metal. It will be remembered (see page .j.j) that Daubree found 
only 71 per cent, of iron in tbo Ovifak masses, 41 per cent, thereof 
being in the metallic state. 
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Lopatin's account of the features of the locality leave little donbt 
respecting his having hit upon the spot described by Pallas and 
Mettioh. He finds the ridge to consist of a coarsely granular granite, 
closely resembling the Kappa-kiwi of Fmnlana; the magnetite 
contained no metallic iron. 

With a view of securing further fragments of this siderolite, a 
reward was offered by Lopatin to those few persons who frequent 
this region for squirrel -hunting ; none, however, were found. But 
large fragments of a meteoric fall are, as Goobel points out, 
usually scattered over a wide area of country, and it is in the 
highest degree improbable that two large masses would be found in 
pro xi mity to each other: tbe fall of siderolites in Bohemia and 
Saxony (Breiteubaeh, Eittersgriin, and Steiuhach), probably in the 
Utter part of the twelfth century, affords a case in point. It 
appears, moreover, that even only a short time after their descent 
meteorites are by no means easy to discover. In 18S3 von Fuiicben- 
bach ' prosecuted a thorough search of the district near Blansko, 
Barfinn, Moravia, eleven days after a shower of what appeared to 
have been as many as 400 stones had taken place ; 120 men were 
etuptoyed. and time equivalent to 600 working days was devoted to 
the search, but only eight small stones, weighing in all 20 loth 
\*k-ut 12 m.) were found. 



The Mexican Meteorites.* 

ltt continuation of his earlier papers on the meteorites of the 
Mexican Republic, which appeared in 1S50, 1857, and 185S, the late 
l>i\ liurkart has Imwglit the history of these remarkable masses 
As«a to the dnto 1874. He first directs attention to the masses 
found near Santa ltona, u. small town in the N. part of the State 
of Oliahuila, in hit. 27" 66' N. and long. 2° 16' W. of Mexico, and 
near the boundary of the Bolson of Mapimi. 

According to thu report of Major E. \V. Hamilton, published by 
.SliLpiiid, the spot wlioro lie discovered a number of masses of 
meteoric iron is called Bonanza, 30 to 40 miles north, and much 
further west of Sta. Kosa. Here Hamilton foimd scattered over an 
area, one to two miles in diameter, thirteen blocks of iron, twelve 
of which had never boon shifted ; the other, weighing 75 lbs., was 
about to be sent to Sta. Rosa. The largest, a more or less rounded 
block, is three feet wide and two to two and a half fost high; others 
were estimated to weigh from two to three thousand pounds. 

Meteorio masses found in the neighbourhood of Sta. Rosa are 

1 C. von fieichenhsch. Faqg. Am., cim. 213. 

■ l.\ KiiLimiL-lsdtTi,-. JkilMh. Jhutntk. thai, thnll, 1R60, \\i., 83.— J. L. Smith. 

-.-., [s(i9, \lvii., 383; Amir. Jour. St., 1371, i. 335— S. Meunier. 

■■\Wu a Li Fiwiilte dos Sciences do Paris, 1869. Jicchcrchts ear la com- 

fmiliati it In structure riii Metearila, 12 ct stq.—R. i. Burkart. Jahrb, Mineralogit, 

ma, 673. 18*1,84] ; and 1874,22. 
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mentioned by J. L. Smith, and a fragment of one of them was 
exhibited at the meeting of the American Association for the Advance- 
ment of Science held at Chicago inl6GS. It appears that Dr. Butcher 
obtained from the son of Dr. Long, who had resided many years 
in Sta. Eosa, an interesting account of a very brilliant meteor which 
in the fall of the year IS37 passed over the town in a X.W. direction; 
shortly after its disappearance over the mountains a rumbling sound 
was heard, followed by a tremendous explosion. The next day Mr. 
Long- endeavoured to find traces of the meteorite, but after two days' 
severe and rough riding the search was abandoned. Shortly after- 
wards an Indian brought into Sta. Eosa a piece of what he believed 
to be silver, weighing ten to twelve pounds, stating that it had been 
found ninety miles N.W. of the town ; this proved to be meteoric iron. 
Dr. Butcher, after this long lapse of time, determined to renew the 
search, and, hiring eight Mexicans and two Indians as guides, suc- 
ceeded in finding the irons about ninety miles froui Sta. Eosa. They 
consist of sis masses, weighing 290, 430, 438, 550, 5S0, and 654 lbs., 
which have been sent to the museums of the United States, and 
two other blocks, weighing 363 and 450 lbs., which have since been 
hit upon. 

This interesting group of meteoric irons consists of compact 
metal containing no silicate ; it is not difficult to cut with the saw, 
has the specific gravity 7fi',l"J, and the composition: 

Iron = 92'95; Nickel = 662; Cobalt = <M8; Phosphorus = 002; 
Copper = trace. Total = 100-07. 

Although these irons differ as regards the amount of nicfeel they 
contain from the meteoric iron of .Santa Kcs.i described in 1855, 1 
J. L. Smith believes that the disparity arises from an error in the 
earlier analysis, and that it will be found that the Santa Eosa iron 
belongs to the above group. 

The question which next arises is, — Arc the two finds, described 
by Hamilton and Butcher, one and the same? Burkart, after care- 
fully weighing the evidence of both accounts, allowed that there is 
much to favour the assumption, and suggested that Sbepard and 
J. L. Smith would do good service to science by referring the subject 
to the consideration of the two observers. 

J. Guillemin Tarayro 1 in his Notes arcMologiques et ethno- 
graphiquee, while describing the Casas grandes da Chihuahua or 
N,.'.iitit;:ia. mentions tho discovery by Miiller, the Director of tho 
Mint at Chihuahua, of a meteorite in the great temple north of 
Galeana (lat. 30° 22' N.; long. 110° W. of Paris). Whilo ex- 
cavating these labyrinthine rums a lenticular piece of iron, GO cm. 
in diameter, was discovered carefully enveloped in cloth similar to 
that in which the dead of tho surrounding graves were wrapped. 1 

1 O. Bnchnor. Die Miteertieti. Leipzig, 1863. Pago 192. 

' Archives tie la Oommiasion leient ifiij tie da Mai<i'M. I'm is 1SG9. iii. 348. 

3 In the Annual Report (187:)] of the liwird of /;../,».'. of tfo Sniithtonim 
Inttitulim (Washington, 1874, p. ■110), is published a letter from Mr. W. M. 
Pier*™. C.S. Y ]<■;•. Pi >i l-ii] ut E! IAl-i.i di'-l Nurir. iWi-ibiii;.' (.In: diarurery of a largo 
meteorite in lb.; ruins <)i JI<'iiU;.umj !.';.-:,■ (.iniiiili^, on (lit liihi Kivcr, in Arizona. 
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Among new meteoric stones found in Mexico must be mentioned 
the chondritic meteorite described by Wohler ; it is stated that it fell 
in 18i>5 or lbotj at the Hacienda Avilez, not far from th 
town of Cuencamt, twenty leagues N.E. of Durangt in lai 
and long. i J 8' W. of Mexico. 

The large meteoric iron, computed to weigh 19,000 kilog., whicl 
lay in tlie neighbourhood of Duraugo in Humboldt's time, nd "i 
which he brought fragments to Europe tbat were analyzed by 
Vauouelin and Klaproth, appears since then to have been lost. 
Burkart, however, considered some statements made by Gnilleaiin 
Tarayrt! in the Archives da la Commission scientifiqtte cht Mexiqae to 
tndicole that, within the List few years it had again been found 
near the Corro Mercndo. According to more recent accounts, the 
locality of this colossal moss is known, but is kept secret, as the 
owner intends to endeavour to transport it to Mexico. 

Burkart briefly notices : the meteoric iron from San Francisco 
del Mezquital, in the State of Durango, weighing seven kilog., which 
was described byDaubrce; a piece of meteoric iron' "from Mexico," 
the locality not being more definitely given, which J. L. Smith found" 
to exhibit very distinct figures when etched, and to be composed thus : 

Iron = 9 1 ■ 1 03 : Nickel = 7-557; Cobalt = 0-763 ; Phosphorus = 0*020; wilh 
traces of Copper and Sulphur. Tola] = 99-443. 

a meteoric iron at Los Zapotes, four leagues from Ctiquio, which 
is reported to have been brought from Zucatecas ; and the meteoric 
iron of Yanhuitlan {lat. 17° 35' N. ; long. 1° 45' W. of Mexico), 
which was in the possession of the Emperor Maximilian, and possibly 
comes from the same locality as the Misteca Alta iron preserved in 
some collections. The last two masses contain : 

Tantiuitlan. Misteca Alta. 



The first two analyses are by lia mm els berg, the last by Bergeniann. : 

It was found in ;i large ro.mi of the ruins, in the 
tonih of adobe-brick, and wlis carefully wi appped ii 
cloth in which llit- Egyptians cnwlnped their mummies. " Twenty-si* joke of oi 
were mustered, and a- many or mure strong log-chains, nnd with (kia force arid 
tackle the monster nit'lrr.vito was hauled to the modern town of Caaas Grsodea. 
TVlien struck il i-rnLlt i-i] a l"iii] and inillnu- -i.mnd much ro--i;ml)liii^ that of a tlinrch 
bell. It is stated to measure 2 feet 6 inehes snuare, and i- supposed to weigh over 
51H)0 lb-- Tin- dale of this i.'ivum in.-i is not mi ntinned, mid although tin- torn] ai 



dimension is f'f the mass given in tins report differ < --Lili.riil.l_v frmn those of the 

metallic Muck abrnT mciitimu'd. it it] ■[.■i-ars imt iinpmkdde that Tav.iyre and Piemm 
describe the discovery id' the same hloek of metal. A specimen of this iron »« 






i Washington wirli the Vice-Consul's report. 

1 This was prohubly a fragment of the Chorals meteoric irou which Genera] 
Bwnne wnt to Paris. 

3 liurkurt gives the lollowing list ni' lueiilini- nt mete. .rites f.iuud in the Mc-iit-un 
Republic :— Meteork Stone*. 1). Hacienda de fleea.-. N. oi San Louis I'ntusi, fell 
"1804, November 24th. 2). Cerro Cosiiia, near Dolores Tlidalgo, District of San 
Miguel in the State liiiainijuatn, fell 1S44, January — , 11 a.m. 3). Hacienda 
Avilez, near Cie neaiiie in the Slate Dilinnge., fell 1C-U it ISSIi.— Meltorie Irons 
(eiivh locality lies to the north of those lollowiny it in the list). ]). The Casos 
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HISTOKY OF METEORITES, 

The last paper writton by the late Dr. Burkart gives the history 
of the meteoric iron fi'i.mi DcscuVji-iilnni, .Pol>hi/.nn, near (,'atorze, State 
San Louis Potosi, to which wo have already alluded (see page 53). 
It was found between 1780 and 1783 ; in 18;jG it was conveyed to 
the Amalgamation Works near Catorze to he used in the morlcros or 
stamping mills; and in 1871 was removed to Mexico, whore it came 
into the possession of the Geographical and Statistical Socioty. In 
1872 this learned body came to a determination that tho meteorite, 
which weighs 575 kilog., should be broken up for examination, 
which drew from tho Mexican Natural History Society an indignant 
protest. Those who take an interest in tho correspondence which 
passed between the two Societies will find below references to tho 
journals in which it appeared, 1 A portion of this iron is one of the 
most recent additions to tho University Collection at ("Jottingen. 

The iron, of which the author gives three drawings, is in the form 
of a prism with rounded ends, and lias a length of 90 cm. It has 
a steel-grey colour, takes a high polish, and is remarkably malleable: 
nails, knife-blades, wire, and a watch spring have been made of it. 
When etched it developes good figures, of which a sketch is given in 
Burkart's paper ; they resemble thoso of the iron of Xiquipilco ; the 
angle 109° corresponding to an octahedron is frequently noticed. 
Rounded masses of troilite occur here and there ; the hardness is 
= 8 ; the specific gravity = 7-38. It has been analyzed by Patricio 
Murphy with the following results : 

Iron = 89'fil; Nickel = 8-05 ; Cobalt = 1*94; Sulphur = 0-45; Chromium 
and Phosphorus — Traces. Totnl = 99'95. 

A very careful investigation has been made of the physical pro- 
perties of tho wire forged from this iron ; it possesses an unusually 
high elasticity, the modulus being = 7436'17 kilog. ; the resistance of 
the iron to rupture by compression = 38 kilog., to rupture by exten- 
sion = 40 kilog. In each case the sectional area of the metal operated 
on was 1 mm. square. The coefficient of the linear expansion of the 
iron when heated between a and 100° C. = 0- 00002 3 3 6783. 

Meuuier has investigated two of tho Mexican irons, those from 
Charcas and the Toluca Valley. A perfectly clear surface of the 

grandes de Hatintzin, bctna-ui (.alcana, and Orris lite*. District Uravos, State of 
Chihuahua. 2). P.iinaii/a, Slate of i.'"li;;liuiln. 3). Sierra Hhuica, near Huaju- 
quillo (or Jiimm/I. M-.ii'' '■■]' (. , :. , !mi.-,'.iisl. ■;':■. San <.ov:r"ri.i, State ef {.'iiiliuiihua. 
..). Hacienda Omt-pcion, mi tli u iiin I'lurido. Suite .'f Chihuahua. (1). Hacienda 
Venagaf, probably in tin. 1 State <i[ Chili untiiia. 7). Plain near el Morraido mountain, 
N. of Durango, State uf Uurfiniio. X). lltiraniro (b!erk n-rd :ih isu anvil ; this moss 
has recently beun removed to Mesien). B). San Francisco del Muzquitnl, State of 
Durango. 10). Deseulinilura, a; I'obhuon, near Cat.irze, State of San Jj.-n.iLs IViosi. 
11). Charcas, State of San Louis I'.itnsi. VI). Zneateras. 13). A Haeienda south 
(F) of Zacotecua. 14), Xiijuipileo, Hoeotitlan. Istlnhuacs, etc., in the Toluca or 
Lamia Valley, State ..f 7\l l-vi. ■ .. la). Chaleu. Valley ol Iffsu-o. 1(5). Misteca Alia, 
Slate of Oaxuca. 17}- Yauhuitlan, Stale ut Oniaca. IS). (:) Rincon de Caparoaa, 
near Utiilpainiiijio, on the road to Acapulco. 

1 Batetin de la Soeiedad ik Gtoffrnji.-i ij Es'iidixlk* i!r It lUpnUicn mexicana. 
Seg. Ep. Mexico, 1872. Tomo IV. 1'ages a and 317.— La Natiiralexi I'eriodico 
ciiittiftco de la Soeiedod mixieana dt Hiatena natural. Mexico, 1873. Tomo II, Pages 
277 and 28(i. 
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Charcas iron appears to be naturally passive. A drop of copper sul- 
phate, if allowed to evaporate at ordinary temperatures on its surface, 
yields unchanged blue crystals of the salt. The alloy is of the kind 
to which von Reklienbach gave the name of kamacite, consisting of: 

Iron = 920 ; Nickel = 7'5 ; Total = Otl-6. * 

which corresponds with the formula Fe lt Ni. 

The compounds of iron with sulphur which occur in meteorites 
appear to be sometimes magnetic pyrites, sometimes troilito (iron 
monosulphide). Meuniov finds the sulphides of these two irons to 
have the composition given below. Side by sido with the numbers 
resulting from hi-, analyses sire placed the theoretical percentages of 
the two sulphides alluded to : — 

Toiuca. Charcas. Troilito (FeS). Pyrrhotite (Fe,S e ). 

Icon 59-01 ... 56-29 I 83-04 | 60-5 

Nickel 014 ... 3-10 

Copper trace 

Sulphur ... 4003 ... 30-21 36-3S 39-5 

99-18 88-GO 10000 10000 

Sp.gr 4-799 ... 4-780 ... 4-784' ... 4-5S3 5 

From these results Meunier concludes that the meteoric sulphide has 
the formula of pyrrhotite— in short that it is not a monosulphide. 
It will he seen, however, in the foregoing t aide, thai though the analy- 
tical numbers point to this conclusion, the specific gravity of the 
sulphides accords more closely with that of troilite. Analyses of the 
sulphide in the meteoric irons of Kooxville, Seelitsgen, Sevier Co., 
and Ovifak (see page 35) show that sulphide in each case to have 
the composition FeS. The author states that both sulphides are 
feebly attracted by the magnet. Though magnetic pyrites in fine 
powder is attracted, troilite (FeS), neither in coarse fragments nor 
in powder, shows, according to my experience, the least tendency to 
adhere to the magnet. 

The crust of the Toluca iron has the following composition : — 

Iron eesquioiiil." = liJv'JIi : I run pruloiiile = _'.■■ I 2 ; Ni'b 1 |iru!uxide = 200 ; 
Cobalt protoxide = truce. Total = 99-05. 
which numbers correspond to the formula Fo 2 3 , (Fe Ni) O. 

By treating the Charcas iron with mercury chloride a very small 
quantity of silicate (?) was obtained, which was not further exam- 
ined. The particles resembled those obtained from the Caille iron 
in their action on polarized light. It will be remembered that in the 
Toluca iron G. Rose found a few grains of what he held to be quartz. 
Meunier gives the results of an analysis of the meteorio iron found 
at Xiquipilco in 1784 : — 

Nickel iron 96-301 

Troilite 1-482 

Schreiberaitfi 1-232 

Graphite , 1-170— 100-191 

1 Mean of three 'lei f-i-ni in :i tii 'lis "f Hn; Kiwi tic gravity (it the meteoric solphide. 
1 Mean of five determinations of the i-pmik gravity oi pyrriiotitc. 
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The development of figures on polished surfaces of meteoric iron 
toy exposing them to heat and the action of acids, fused alkalies, or 
Bali no solutions, has been studied by Meimier. When the Charcas 
iron is heated, there are simultaneously developed on different parts 
of the surface the varied colours exhibited successively on a plate of 
steel by raising it to different temperatures. On examining the 
altered iron, the author was enabled to detect the presence of a 
email amount of the alloy termed plessite. The figures are in their 
general characters identical with those developed by acid. When a 
polished plate of the Charcas iron is plunged into a hot solution 
of copper sulphate, the figures are developed with greater distinctness 
than when acid is used, the lamella? of tiinitc appearing red on a 
white ground. By employing mercury chloride and varying the 
degree of concentration and temperature of the solution, a metallic 
surface may be made to present as many as three different phases of 
crystalline development. With a hot concentrated solution of this 
salt the Charcas iron exhibits the most beautiful figures. Gold and 
platinum chloride have also been used by the author, and the former 
salt is recommended in cases where it is desired to arrive at an im- 
mediate knowledge of the crystalline structure of an iron. 

To etch a fine section of Toluca iron, recently acquired by the 
British Museum, water saturated with bromine was used. The 
edge of the slab was surrounded with modelling wax; the bro- 
mine water was then poured on, and in a few seconds removed with 
blotting paper. The surface was nest flooded with distilled water, 
which was removed as before. Absolute alcohol was then poured 
over the etched surface, and this again was quickly taken away with 
bibulous paper. The iron was then preserved face downwards for 
Borne dayB in a dry box filled with burnt lime. The accompanying 
plate gives a representation of a part of the surface of this beautiful 
slab of metal. The figures will be considered when we come to 
describe those of the Braunau iron and the crystals which occur 
in the Cranbourne meteorite. 1 



1790, July 24th. — Barbotan and Roquefort, Landes, France. 1 

A correspondent communicates to Nature a reference to a descrip- 
tion of this celebrated fall of meteorites, which is to be found in 
Gruithuisen's Natargescliklde des gestirnlen JlimmcJn, 107. As it does 
not appear to have been known to Buchner, it may be placed on 
record here. 

1 Kick (Pal. Kotitbl. ixii. 105 ; Pol. Journ. ccxii. 40) employs for the etching of 
artificial iron and steel a inisture «! •mn part of hydrochloric acid and one part of 
water, to which a little aiitiimniy c ■ ] j ] ■-■ i- 1 ■ I ■„■ his h-Hi inidcil. Surfaces etched with 
tin- liijuid arc li.-s liai'k iu :U'I. luck -!".>!■ - thai Bonn irons and steels are CjUite 
[jtesirii, Imt that this pi-npci'ty may be destroyed by raising them to a red heat. 

' Nature. February 1st, 1872. 
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1803, April 26th.— L'Aigle, Onie, France.' 

While at the end of (he hist century reports from time to (imp. 
obtained circulation, lo the effect that stones had been seen to fall 
from the sky, and while these reports were generally discredited as 
fabulous, a desire hod arisen niiiimg the curious U- collect and preserve 
them, and even to submit to careful study these strange mineral 
masses, to which an atmospheric origin was attributed. It was at 
this time that Howard and lie Jiournon made a eai-oful exaiuinatiou 
of the stones reputed to have fallen from the sky, which were con- 
tained in the mineral collection of Greville ; and, after observing 
them to possess certain characters in common, as well as others which 
distinguished (liOTii fri.nn terrestrial matter, they were led, iu the Pli'to- 
aopliical Transaction* of 1 SOU, to give their support to the views, then 
regarded as purely fantastic, which (.'lilailni had propounded in Ulil 
in his romarkahlo memoir Vi'h,-r den Ureprtmg der eon Palla* iiphI 
anderer ihr ufadirher liitcmiiassen. The new view had in fact found 
little favour among scientific men, especially in Franco, and De Bour- 
nou and the French savant Patrin were engaged in a controversy 
on the subject at the beginning of 1S03, when the celebrated fall at 
L'Aigle, of from two to three thousand stones, took place. The first 
news which reached Paris was received with a smile of incredulity ; 
the illustrious Biot, however, was deputed by the ilinistre de ih- 
trrienr to proceed to L'Aigle and institute a full inquiry, which 
lnsted many days ; and his exhaustive report, which appeared in the 
Sfi'-moircs de la chtKM ili'n St-imcx math, ct phijs. de I'liislitut national 
lie /Vance, finally sot (ho question at rest, and established the fact 
that tho stones wero of cosmical origin as Chladni had supposed. 

These meteorites wore analysed by Thenard, who found in them 
•iliea, iron oxide, magmsia. uirl'id. and sulphur, amounting in all to 
108 per cent. ; and ui'lonvards by 1'onrcroy and Vauquelin, who de- 
tected tho presence of tho same ingredients and lime in addition, the 
total amounting to 104 per cent. The excess of course was due to 
tin- I'aet of tho metal present, as such in tho meteorite being accounted 
o.vidu '" their eal eolations. 

In consideration of the historical importance of this fall, it oc- 
curred to von Eaumhauer to submit the L'Aigle meteorite to analysis 
by the new and elegant methods which he devised and employed 
wi;h go much success on other meteorites. His results are given 
bidyw. The specific gravity of tho stoue is .1*007, and tho total 
composition is as follows : — 

Nuteliron . . 80 

huii -.ulplwio ] S 

i"ii.. in "■- 0,6 

U.i'.".- 46 3 

■ ■..I upon by acid ... 44-3 

Liuiu Hi^ptiulo tram 

100-00 

' E. II. you Itauwluiuer. Arehkts Ni rim Mwt, 1 *72, vii. 1S4. 




After the removal of the nickel-iron, the treatment with acid and 
sodium carbonate brought about a separation of the silicates, which 
had the following composition : — 

8i0 3 FeO MnO ALjO, CO KgO K,0 SaJO 

A. Soluilt 3616 30-39 trace 018 616 2661 083 075 = 100*0 

B. IntolubU ... 67-16 12 66 trace 6-19 408 17-91 2 02 107 •• 99-99 
The oxygen ratios of acid and bases in the soluble part 18'63 : 19"53 

show the silicate which gelatinised with acid to be an olivine, re- 
markable, it will be observed, for the amount of lime it contains. 

Von Baumhauer gives the formula (.. *, ( VSiO.asan expression 

of its composition. In the insoluble part the oxygen ratio of add 
and bases is 30"28 : 14'15, and here the presence of more than five 
per cent, of alumina points to the probable occurrence of a felspar 
in this portion of the stone. If we assume that the iron oxide, magnesia, 
and lime' are present as a bronzite, the oxygen ratios of the alumina, 
alkalies, and residual silica, differ very little from 3:1:9, or those 
of oligoclase, soda-lime felspar, in some varieties of which a con- 
siderable proportion of the soda is replaced by potash. 



1805, Jane — . — Constantinople. ! 

Chladni relates the story, given in an Armenian work " Eghang 
Buzankian," how stones fell with great violence on the shambles in 
Constantinople. The descent, which took place in daytime, caused 
great alarm ; aud as the occurrence was at first attributed to the evil 
designs of the Greeks, janizaries were posted for three days and 
nights about the city. The sulphureous odour, however, which pre- 
vailed at the time of the fall, as well as the black and apparently 
burnt crust of the exhumed fragments, pointed, on further considera- 
tion, to a meteor as their source, aud all doubt respecting their 
origin was at an end. Chladni adds, "The Turks, it seems, were 
more open to conviction respecting the truth of the occurrence than 
many a physicist would have been, since he would not have believed 
it even if lie had seen it with his own eyes." Evidently he had 
not forgotten how in the hard fight at the beginning of the century 
(see page %) ho had to encounter opposition where he looked for 
support. 

What became of these meteorites is not known. In 1832 a frag- 
ment of what was alleged to be one of the Constantinople stones was 
acquired by the Vienna Museum. It bore a description to that 
effect on the authority of von Schreibers ; Partsch subsequently 
added a note to it declaring the statement to be incorrect, and the 
stone in question to be one of the Stannem meteorites. Still more 
recently he appended to the above description a note asserting that 

1 The bronzite of Hnrzljuig, analysed hy Streng-, contains lime. 
» G. Tactiormnk. MinerahghcM Mittlttriiuiym, 1872, heft ii. 86.— Seo alio 
E. F. F. Chladui. Ueber Feiier-Meteore. Vienna: 1819. Pago 278. 
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the stone was genuine, and that it ha*l been obtained many years 
before, between 1818 and 1820, from a son of the then Austrian 
internuncio at Constantinople. 

As regards miiK-riikigii'-il constitution it certainly bears the closest 
resemblance to the stones of Stannern ; it belongs to the small group 
of eukritic meteorites consisting of anortliite, pyroxene, magnetite 
and chromite; the minute structure also is identical with that of the 
Stannern stone, and the chemical composition, arrived at by Ltidwig 
as the result of two analyses, is given below side by side with that 
of the stone which it so completely resembles. 



Siiinc ;nid 

Alumina 

Iron protoxide ... 

Mimf-iHiuae protoxide 
Miiji'iLi'siu. 

Soda 
Potash 
I'hrtimite 
Troilito 



48-30 
12*65 
19-32 






The accordance could not be more complete in analyses of two 
specimens of the same meteorite. Although this fact makes the 
identity of the two stonos highly probable, it must not be forgotten 
that the meteorite of Juvinas has the same composition as the 
Stannern stone. Hitherto two meteorites have not been met with 
possessing identically the same composition, structure and fine 
texture ; and Tschermak is of opinion that it will be safer to assume 
for the present that no fragments of the stona of Constantinople have 
been preserved than that that fall yielded stones absolutely similar 
in all respects to the meteorites of Stannern. 



1807, December 14th.— Weston, Connecticut. 1 

The report drawn up by Silliman and Kingsley on the fall of 
these largo meteorites lias been reproduced from the Memoirs of the 
Connecticut Academy of Arts and Sciences. All the important details 
of this paper are to be found in Buchner's Die Meleoriten, 22. 



1808, May 22nd.— Stannern, Iglau, Moravia. 5 

While considering the question of the possible identity of the Btones 
of Constantinople (piige 97) with tho above meteorites, Tschermak 
records a few observations which ho has recently made respecting 

1 Amer. Jour, fie, 1889, xlvii. I, 

* G. Tschermak. Minerakfiah MiUUUtmgm, 1872, heft ii. 83. 
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the mineralogical characters of the thirty-six specimens of the above 
abundant aerolitic shower, preserved in the Vienna Collection. 

This meteorite consists of rocky fragments of three kinds 
cemented by granular matter. The larger portions are chiefly 
composed of lamella) of anorthite and elongated fragments of 
augite ; the greater part of the anorthite occurs in very broad twin- 
lftmellse; the augite, which is of a brown colour, has very rarely 
well-defined boundaries ; in some sections the augite form is recog- 
nisable, while a cleavage parallel to the terminal face 001 is not 
uncommon. The dark coloured, often black, parallel streaks 
observed in the augito of the meteorites of Juvina3 and Jonzsc are 

The third ingredient is a sparsely disseminated colourless mineral 
evidently crystalline, and, from the fact of ils re f meting light simply, 
a mineral belonging to the isometric system ; Tscberniak believes it 
to be the colourless cubic silicate occurring in the meteorite of Sher- 
ghotty. Magnetic pyrites, nickel-iron (the presence of which in 
this meteorite had not been previously observed), and chromite also 
occur in very small granules among the other minerals. The 
cementing material, which is made up of particles of anorthite, 
augite, and another black substance, has a looser structure than the 
fragmi.nl-i. ami is probably the ouce solid crystalline rock reduced 
to a fine state of division. 



I 



„itro f 

hydro 



Found 1808.— Red Eiver, Texas. 1 






Graham 1 has shown that, the Lcnarlo meteoric iron contains 
times its volume of occluded hydrogon, carbonic oxide and 
igen, and Mallet (see page 15) has found S'lT times its volume of 
hydrogen, carbonic oxide, carbonic acid and nitrogen o> winded in the 
meteoric iron of Augusta Co., Virginia, it occurred to Wright that 
it might be possible to detect in the gas of these irons the unknown 
gaseous elements assumed to be present in the solar corona and 
chromosphere. The investigation was undertaken with the hope 
that the spectroscope would reveal them, if present, although their 
small amount or peculiar diameters might render their detection by 
ordinary chemical methods difficult or impossible. 

A vacuum tube of the form ordinarily employed in spectroscopic 
work was attached to a branch of the exhaust tube of a Sprengel 
pump, and a preliminary examination was made of the linos exhibited 
by this tube after simple withdrawal of the air. As Pliicker and 
Hittorf 3 have already shown, lines of hydrogen and bands due to 
carbon make their appearance as soon as the limit, of exhaustion has 
been attained ; the author noticed the red hydrogon lino when the 

' A. W. Wright. Amer. Jour. Sc, 1875, ix. 294. 

s T. Graham.' iV.ic Roiial Sue, xi. 602. 

3 J. Plucker and W. Hittorf, l'kil, Tranmetiom, olv. 1. 
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tension fell to 4 or 5 mm., nnd other hydrogen lines when a higher 
degree of rarefaction was attained. Mercury lines, varying in bright- 
ness with the temperature of the room, are also to he seen. His in- 
vestigations were directed to an examination of the gases of the great 
Texas meteorite, preserved in the Mineral Collection of Yale Col- 
lege, and the meteoric irons of Tazewell Co. and Arva, Hungary 
(which see). The iron was in very small particles — chips produced 
by the borer, and the exhaustion was proceeded with without the 
application of heat. He noticed that the iron gave off a portion of 
its gas at ordinary temperatures ; and when the tension was reduced to 
4 mm., Ha and Hfl were bright and distinct, and H? visible, while 
the carbon bands were also distinctly seen. When agontle heat was 
applied, the tube, which had hitherto presented the appearance of an 
ordinary hydrogen tube, underwent a change ; the light in the broad 
portion became a straight, ha/.y stream, of a dull greenish-white 
colour, similar to that observed iu a tube containing either of the 
oxides of carbon. When the tube containing the metal was raised 
to low redness, only a small quantity of pis was given off. Wright 
did not measure the amount of gas removed by the pump, but has 
calculated this ijiiantity t'nim an observation of the degree to which 
1 cc. of the gas lowered the guage of the instrument. He finds in 
this way the mixed gases extracted to have occupied 4-75 times the 
volume of the metal. While this exceeds Hip quantity which Graham 
and Mallet noticed in their investigations, the author believes that 
the whole amount was by no means i.'xli a listed, and ascribes the excess 
to the fact of the metal which he used having been in a fine state of 
division. 



Found 1810. — Brahin, Minsk, Russia. 1 

Two large meteoric masses were found at Brahin in the early part 
of this century ; the dates of their discovery are variously given as 
1810 and 1820, and they were first described in 1822. They bear 
the closest analogy to "the Pallas iron " in structure, and with it 
belong to the small class of siderolites. The Brahin iron was very 
imperfectly examined hy Laugier in 1S23, who confined his analysis 
to that of the iron. Since that time it has not been investigated 
ipt in one respect by Eose, who a few years ago noticed that the 
ine was traversed by canals, as the Krasnojarsk olivine is (sea 
page 87, note). Eammelsherg, who has recently examined this 
siderolite, finds the metallic portion to consist of : 

Iron = 88-96 ; Nickel and Cobalt = 11-04. Total = 100. 

During half a ceutury which has elapsed since Laugier'a time, 

id refined methods of analysis have been devised, and Rara- 

j now finds a pur-ceiitag^ of nickel and cobalt more than four 

s great as that given by the original observer. The per-centage 

C. IUmmelsberg. Monataber. Ak. TFi'as. Berlin, 1870, lxi. 440. 
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ib close to that found by Berzelius In the metallic portion of the 
Krasnojarsk siderolite (11*19 per cent.) ; so that they Lava a compo- 
sition closely according with the formula Ni Fe 8 . 

The olivine, now analysed for the first time, has the composition : 

Silicic add 37*68 

Iron (manganese) protoiido 18*85 

Magnesia 43*32 

89*76 

These numbers, contrary to expectation, do not agree with those 
resulting from the analysis of the Pallas olivine ; above we have Fe 
and Mg in the ratio 1:4; in tli<_- 1 'alias ulivhm about 1:8. It is not a 
little remarkable, howover, that the Brahin olivine has the same com- 
position as that of the Ataeama siderolite analysed by Schmid, the 
iron whereof has been shown by Bunson to contain nickels 10*25, 
and cobalt = OTO (see page 23, Note). 



1812, August 5th. — Chantonnay, D, p. de la Vendee, France. 1 

This stone, which is included in the class of chondritic meteorites, 
was originally examined by Berzelius. Von Reichenbach some 
few years since, after inspection of the stone, arrived at the conclusion 
that the meteorite which reached the hands of the great Swedish 
chemist was not that of Chantonnay, but a specimen of another fall. 
To clear this point of doubt Raiumelsberg determined to examine 
some fragments obtained from Shepard, and answering in all physical 
respects to the description given in Partsch's Catalogue ; and he 
obtained results which ii-jjruo in a very way with the original numbers 
given in Berzelius' paper. Eammelsborg finds the Chantonnay stone 
to consist of : 

Nickel-iron 7'89 

Iron sulphide 6*18 

Olmntt 43-13 

Broimite 4064 

Chromite 0-37 

97*79 
The nickel-iron contains : 

Iron = 86'3; Nickel = 14-7. Total = 100. 
and the portions separated with acid and alkaline carbonates con- 
sist of : 

Si0 2 Al 2 Oj FcO MnO MgO CaO XjO and NasO 



The olivine of the soluble portion has the formula J 

1 C. Eammebborg. . 
SUibtr. Ak. Wita. Wtin 
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for the constitution of tbe hronzite of tho insoluble portion, where 
Fe : Mg(Ca) =1:4, Rammelsberg gives the expression) 15 ^ '}. 

If tho oxygen ratios of the ingredients found by Berzelius be 
examined, 1 it will be found that the oxygen of the silica in the in- 
soluble portion is in excess, while in tbe soluble portion it is insuf- 
ficient to satisfy that of the bases, a result probably arising from 
an imperfect removal of the gelatinised silicic acid with alkalms 
carbonate. On subtracting from the former amount that which is 
wanting in the latter, there remains in the insoluble part, over and 
above that required by the oxides of iron, manganese, nickel, and 
magnesium to form hronzite, the quantity written bolow side bj 
side with tbe oxygen of the remaining bases : 

Silicicacid=6-B2; alunu'na=2-81 ; lime =0-88) 

suda =0*26 f =M2 
potash =0-08 ) 

These numbers agree even more closely than might have been 
expected with the oxygen ratios of labradorite. 

In the winter of 1*71 T.-iehermak published a paper on the structure 
of the meteorites of OiTinio (see page 00) and Obantonnay, which 
appear to have many characters in common. Sections of the latter 
stone, three drawings of which are given in his paper, show it to he 
made up of chuiidrilic fragments, covered wiili a dark-coloured crust, 
and cemented together with a black and in places semi- vitreous 
material. The fragments are not very abundantly provided with 
spherules, although largo ones are here and there met with. It 
differs from tho chondrite of the Orvinio meteorite in containing less 
iron; a section Bhows olivine, hronzite, a finely fibrous translucent 
mineral, as well as nickel-iron and magnetic pyrites; the presence 
of chromite was not recognized. Fine black veins of a mineral 
traverse tho fragments hero and there, and are connected with the 
cementing material. Similar veins are noticed in the meteorites of 
Lissa, Kakowa, Chateau Eenard, Alessandria, and Fultusk ; and in 
the Lissa and Kakowa siones they present the appearance as if the 
meteorite had originally come in contact with a molten material 
which had hcen injected into the clefts on its surface. Beichenbacb 
was of opinion that the black veins were directly and intimately con- 
nected with the, fused surface ; his view, however, is open to 
question, from the fact that the interior of a meteorito has usually a 
low temperature when il readies tho earth's surface. Moreover, in 
the case of (lie t.'lianlonriay stone, clefts arc to be met with into 
which the black matter of the crust has penetrated to a depth of 6 
mm. only, although the cleft remains partly open. The blaok semi- 
vitreous magma consists of an entirely opaque mass, enclosing flakes 
of tho silicate, which forms tho fragments, as well as occasional 
spherules. 

Although Rammelsberg, in his paper, does not minutely describe 
the physical characters of the material he operated on, and did not 

1 J. J. BerzelhiB. Pogg. Ann., xuiii. 28. 
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separately examine the fragments and the cementing materia), as 
Tschermak lias done in his examination of the Orvinio meteorite, to 
find that the two constituents have much the same composition, 
Tschermak points out that the two meteorites have a very similar 
constitution, differing mainly in the proportion of iron. The 
characters observed in these two meteorites point to tho conclusion 
that they did not originally possess their present constitution, but 
that to the disintegration of a solid rock-mass and its subsequent 
cementation with a semi-vitreous magma their present appearance 
is due. Although they resemble somewhat the eruptive breccias, 
tlu-y differ from them in that tho meteoric cementing material is less 
homogeneous, and encloses fine flakes of the rock itself. The Chan- 
tonnay stone possesses the fine texture observed in some metamor- 
phosed breccias. The two stones convey to us evidence of changes 
which must have occurred on the solid surface of some planet that 
was subsequently reduced to fragments. 




1813, September 10th.— Adare, etc., Co. Limerick, Ireland. 1 

This meteorite, originally investigated by J. Apjohn,* has been ex- 
amined by K. Apjohn, who finds that it contains a trace of vana- 
dium. The date which he assigns to the fall of this stone, 1810, 
appears to be that of another Irish meteorite, which fell at Moores- 
fort, Tipperary in that year. 

The mineralogical composition of tho s 

Nickel-iron 

Chromite 

Magnetic pyrites 

Soluble sulcata 

Insoluble silicate 



10'OT 



. ... 37-07 

99-87 
The nickel-iron has tho composition : 
Iron = 86-120; Nickel = 14-27fi; Cobalt = 0-S02 ; Phosphorus = Trace ; i 
and tho result of the treatment with acid : 

SiOj Al,Oj FeO MnO CaO MgO N«*0 K s O P 2 0„ 



: 98-4! 



iS-45 

The oxygen ratios of the constituents of both soluble and insoluble 
portions are : 

SiOj Total bases. SiO, Total bases. 

Soluble 22-88 ... 17-68 Insoluble 3172 ... 1238 

The silica, it will be seen, is in excess of that required to form 
olivine in the former portion, and hronzite or augite, or a mixture of 
those minerals, in the latter. The presence of alumina in each 
part points to the presence of a felspar which, as a consequence of tho 



HISTORY OF METEORITES. 

very small amount of alkalies found in the soluble part, we must 
assume to be present as anorthite. The lime being in excess of that 
required to form with the alumina this variety of felspar, we are 
compelled to assume that a portion of tho lime is present as an 
ingredient of the olivine. The large portion of manganese oxide 
found by Apjohn in each portion is noteworthy, it being in consider- 
able excess of that hitherto found in any meteoric silicate : one 
variety of terrestrial olivine, fayalita, contains as much as five per 
cent, of manganese oxide. As regards the insoluble portion the 
oxygen ratios of the alumina and tho total alkalies is very nearly that 
of labradorite. After deducting from the. oxygen of the silica of 
this portion that of the acid required to form this felspar, there still 
remains a large excess beyond what is requisite for the bases to form 
bronzite and augite. While it is not impossible, although scarcely 
probable, that the insoluble part contains free silica in the form of 
asmanite, the fact of an excess occurring in each case leads to the 
assumption that through the unusually large amount of material 
employed for analysis (10 grammes) the removal of the gelatinised 
silica in the first case and the decomposition of the silicate in the 
second were incomplete. 

The chromium oxide present as ehromite is not given in any of 
the Bpecial analyses. The iron sulphide is probably present as 
troilito (iron monosnlphiile), since, according to tho earlier analysis, 
the greater part of the sulphur is in the part which is not attracted 
by the magnet. There the ratio is given as Fe = 3-92, S = 2'04; 
the per-centages of troilite, making the sulphur the basis for the 
calculation, would be Fe = 3-57, S = 2-04; and for magnetic 
pyrites Fe = 3-12, S ~ 2-04. 

In an obliging letter received from the author he informs me that 
the amount of vanadium present was too small to allow of a quanti- 
tative estimation being made. He believes it to be about one-half of 
that which is met with in the trap-rocks of Ireland and Italy, which 
were recently examined by him. He is inclined to the belief that 
the vanadium is present as an oxide associated with the cbromite, 
" for we know vanadium occurs in terrestrial chrome iron in com- 
paratively large quantities." 1 






Found 1814— Lenartd, near Bartfeld, Saros, Hungary. 2 

Boussingault, who some time since found nitrogen in this iron, has 
recently examined it with the view of determining whether it con- 
tains carbon m a state of combination with the metal. His analysis, 

1 A. A. Hayes, in a paper read before a meeting of tho Amor. Acad. So., held it 
Boston in January, 1875, states that he lias detected vanadium in many reeks usually 
a.«<i>ri;Lk-d with compounds coutitiniup phu-pvii-n; mul mimjpinese, A tabulated list 
of the rocks is ti> he i;ivfii in a hitcr ruper. lie also found vanadium in the water 
of a well at Brouklino, near Boston. 

* J. Boussingault. Compt. rend. Iriiv. 1237. Ann. Chim. et Fhyt. uviii. 124. 
Chemical News, No. GS8, 59.— H. Saint, Revue Seieiiliji'/ue, 1S72, Slarch 9ta, TA» 
Academy, iii. 113. 
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given below, did not detect the presence of that element in any form. 
Inm = 91-S0j Niokel =8-58 ; Insol. Residne = 0'30 ; Copper = trace. Total = 10u*38. 
It was in this meteoric iron, it will be remembered, that Graham 
made the interesting discovery of the presevico >.>f Imlivgou condensed 
(occluded) in the substance of the metal. The gas obtained from this 
iron has been examined spectroscopically by Salet, who communi- 
cated his results to the S.-ivi.'l<'- cliii.-,iqite de Paris on the 1st March, 
1872. His researches on the polar aurorae had led him to seek for 
the yellowish-green ray (\=6o7), but he found only those due to 
the presence of hydrogen and an oxide of carbon. It must be as- 
sumed then that the carbon present in the iron, and which must bo 
very small in quantity, exists there not as carbide of iron, but as oc- 
cluded carbonic oxide. 



This iron has been examined by Rammelsberg, who dissolved tho 
metal in bromine ; he found it to have the following composition : 

Iron = 88'76; Nickel = 10-65 ; Cobalt=0-0B ; Copper =0-0* j Iron Sulphide = 04 7. 
TdUl = 100-00. 

The per-centage of nickel (and cobalt) is nearly double that givon 
in the earlier analysis of Sillinian and Hunt. 



Found 1826. — Grosl&e, Dep. de T Isere, France.' 

De Beaumont has recently described a 'tubercule ' of native iron 
which was found, as far hack as 182G, in the wbito Jurassic chalk of 
the stone quarries of Groslee, on the banks of the Khone, between 
Cordon and Quirieu. It was submitted to Moissenet for examina- 
tion, and he failed to determine in it the presence of either nickel or 
cobalt. 



Found 1828. — La Caille, near Grasse, Alpes-Maritimes (formerly 
Dep. du Var), France.' 




Meunier has submitted the Caille 
He finds, when etched, that it presents much th> 

1 C. KammelBberg. Monatsber. Ak. Witt. Berlin, 1870, 1». 440. 

1 E'. de Beaumont. Compt. rend. 1871, luii. 187. — L. Moissenet. Cotnpt. rend. 
1871,liiiii. 761. 

3 S. Meunier. Those presence a la Facultc cits Sciences de Paris, 1869. Reehercha 
tur la composition et la structure dts Me'learites, 29, it icq. La Nature, i. 292. — 
J. BoUBsingHult. Com/if. rend. Uiir. 1287. Ann. Chim. 
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ob he noticed in the Charcas iron (see page 95) ; it consists of kama- 
cite {ehamasite ; E. S. Dana's " Second Appendix to Dana's System of 
Mineralogy," 11) and tiinite in much the same proportions. The 
tanite has a specific gravity of 7-380 (von Reichenhach in another 
meteoric iron found the nnmher 7-428) and the composition : — 
Iron = S5'0; Nickel (cobalt) = 14-0. Total = 99-0. 
Iron = 850; Nickel (cobalt) = 16-0. Total = 1000. 
numbers which indicate the formula FejNi. 

The kamacite has the specific gravity 7-652, and consists of : 
Iron = 91-9 ; Nickel = 7'0. Total = 98-9. 
which is an alloy of the formula Fc 1( Ni. The entire iron appears to 
contain about 80 per cent, of the latter alloy, and Meunier's numbers 
correspond very closely with those obtained by Rivot, who analysed 
the metal in the bulk. 

The graphite of this iron, found in the residue after treating the 
metal with hydrochloric acid, has a density of 1-715, and the compo- 
sition : 

Carbon =873; Iron = 24 ; Nickel = trace. Total = 99-7. 

The troilite of the Caille iron, after treatment with acid, left a small 
amount of siliceous residue, which wns precisely similar in its physical 
characters to that found in tho Charcas meteorite (see page 94). By 
the action of heat and oxidizing agents figures were developed which 
likewise bore the closest resemblance to those developed on the 
Charcas iron. The accompanying woodcut gives a representation of 
a block of this iron (actual size) which is in the Paris Collection. 
It shows the WidmaunstlittiaLi figures, developed by etching with 
hydrochloric acid, and the reniform hollows which have been filled 
with troilite. 




In an examination of this iron, undertaken with the view of deter- 
mining the presence of combined carbon, Boussingault found it to be 
composed of:— I. 



Nickel 

Carbon combined . 
Insoluble portion .. 
Sulphur 



I lo in 1 
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1828, June 4tli. —Richmond, Chesterfield Co., Virginia. 1 

Tills meteorite, the chemical characters of which were studied by 
Shepard, tho physical by G. Eose, has recently been found by 
Kaniinelsberg to have tbe following composition : 

Nickul-iron 8-22 

Iron Sulpiride 437 

Olirine 45-73 

Undecomposed silicate 41-68 



The silicates having been separated by treatment with acid and 
sodium carbonate were found on analysis to have the composition 
given below : 

SiO s AUOj FcO MgO Cat) 

A. Solublt. 39-40 — 18-21 41-6B 0-BO = 100'Oft 

B. Insoluble. 53-74 5-32 1317 2223 6'64 = 100-00 

In the soluble portion the ratio of Fe to Mg is 1 : 4, which shows 
it to be an olivine identical in composition with that variety of this 
mineral which has been met with in. the siderolites of Brahin and 
Atacama. The insoluble portion, according to Kammelsberg, ia either 
a bronzite containing lime, or a mixture of that mineral with diopside. 

Shepard had found this meteorite to he composed of G per cent, of 
nickel-iron, with some magnetic pyrites, and 90 per cent of olivine, 
the residue being howardito and lime phosphate. 



1835, July 31st, or August 1st. —Charlotte, Dickson Co., Tennessee.' 

The iron, which is found disseminated in smalt partition through- 
out the mass of many meteoric stones, represents in miniature the 
huge blocks of meteoric iron that from time to time have been met 
with on many parts of the earth's surface, the record of tho fall of 
which is unknown, their descent having probably taken place at an 
epoch long anterior to that of their discovery. While the stones 
enolosing iron have not unftcquontly been seen to fall, the descent of 
purely metallic masses lms been rarely witnessed. At present we 
know of only the following few authentic cases: Agram (1751) 
Braunau (1847) ; Victoria West, S. Africa (1862) ; and Nidigullam 
Madras (1870). To these few instances is to be added the one head- 
ing this notice, of which a brief account was published by Troost. 
of Nashville, in 1845. 3 The Tennessee iron fell from a cloudless 
sky, near several persons who were working in tbe fields, A horse 
which was harnessed to a plough close by took fright, and ran 
round the iield, dragging tlio plough with it. 

The iron has remained in the Troost Collection up to the present 

i C. Rammelsberg. Monatsber. Ah. Wits. Berlin, 1870, h 
5 J. L. Smith. Compl. rem/., 1875, !xisi. 84. 
3 G. Troost. Amer. Jour. 8c, ilut. 336. 
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time, when it passed into the hands of Dr. Lawrence Smith. It is 
* reniforra mass, and has a bright surface like that of soft cast- 
iron. When etched it exhibits Widmannstiittian figures in great 
perfection, and the author states that in this respect he is acquainted 
with only three or fonr irons which rival it. An illustration ac- 
companying his paper, closely resembling the one given by Troost, 
is a representation of the outer surface, magnified ; this is elaborately 
reticulated, edges of thin laminse of metal, inclined at angles of 60* 
traversing the surface, the edges being separated from each other by 
an apparently semi-fused slag-like material The specific gravity of 
the iron is 7-717, and its composition : 

Iron = 9l-13; Nickal = 8-01; Cobalt=0-72; Copper = 006. Total = 99-94. 

Sulphur is not present, and of phosphorus only a trace wu 
recognized ; and the author states that he has never before met with 
so small a proportion of this element in a meteoric iron. The gas, 
extracted from this iron by A. W. Wright, who has recently examined 
the occluded gases of the irons of Texas, Arva, and Tazewell Co., 
as well as that of the meteorite of West Liberty, Iowa (which see), 
has nearly twice the volume of the metal operated upon, although 
this is probably a portion only of that actually present. It is com' 
posed of: 
Hjdrogen = 71 04; Carbonic oxide = 15-03 ; Carbonic acid = 13-03. Total = lMU0. 

A question of no slight interest in regard to the changes which 
meteoric irons undergo during their passage through the atmosphere 
is whether their surface becomes fused. From his study of ths 
Tennessee meteorite. Dr. Smith has decided tt in the negative. The 
fact of the delicate reticulated surface having been preserved is a 
proof that the heat, instead of having been raised to a high tempera- 
ture on the surface, has quickly been conducted away into the mass 
of the metal. Had fusion of the superficial layer taken place, the 
meteorite would have been coated with molten oxide. 

The author finds in this fact a confirmation of his theory that tie 
Ovifak masses are not of meteoric origin. 



1838, July 22nd.— Montlivault, Dep. Loir-et-Cher, France.' 

Daubree gives a brief description of this meteorite, which has 
recently been acquired for the Paris Collection. It has been pre- 
served almost entire, and is roughly shaped like a three-sided 
pyramid. It is finely granular, has a white colour, and weighs 510 
grammes. The ground-mass of the stone, consisting apparently of 
an intimate mixture of olivine with an augitie mineral, encloses small 
grains of nickel-iron and magnetic pyrites. The meteorite belongs to 
the group, now a large one, of meteorites to which the name luceite 
has been given. 

' G. A. Daubreo. Compt. rmd. 1873, liivi. 314. Da Naturforichtr, 1873, 26ti 
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1640. — Szlanicza, Arva. Hungary.' 

For his investigation b_v means of the spectroscope of the gases 
xscluded by meteoric iron, Wright examined those from the Red River, 
Texas, and Tazewell Co., Tennessee (which see). 

The amount of carbon present in the former iron was found on 
chemical examination to be very small ; in the latter none was 
detected. A series of experiments were therefore made with the 
above iron, which according to Lowe* contains a larger amount of 
carbon. While it was an easy task to remove fragments of the above- 
mentioned irons, great difficulties were experienced in the present case, 
the metal having nearly the hardness of steel. When the tube contain- 
ing fragments of this iron was exhausted, and before heat was applied 
to it, the spectroscope indicated the presence in the " vacuum-tube " 
of both hydrogen and carbon gases ; the lines of the former element 
were very brilliant, and the first, second, and third bands of the latter, 
counting from the red end, were visible. The application of a heat 
hardly sufficient to pain the hand caused an entire change in the ap- 
pearance of the vacuum-tube; the broad part took a greenish hue, while 
in the spectroscope the carbon bands shone quite brightly. When 
the heat was raised to a temperature considerably short of redness, 
the only change noticed in the spectrum was a greater intensity of 
the carbon bands ; the gas collected at this stage of the operation was 
found on analysis to consist of hydrogen, carbonic oxide, and carbonic 
acid, the latter amounting to three or four per cent. 

In some experiments on artificial soft iron the author obtained a 
spectrum in every way similar to that of the meteoric metals ; the 
hydrogen lines, however, did not appear so early, nor were they so 
bright as in the latter instances. 

The iron of this meteorite, which by its great hardness was 
separated in the state of fine powder, yielded, when heated at dif- 
ferent temperatures up to low redness, 44 times its volume of gas. 
"While it seems not improbable that some portion of what has been 
regarded as occluded gas may have been air, the yield is so unusually 
large that it suggests the question, May not the more perfect removal 
of the gas from the iron be due to the fine state of division of the metal 
operated upon ? In the case of the Texas and Tazewell Co. irons, 
where the yield of gas exceeded that obtained from the Lenartu and 
Augusta Co. irons, the metal was in very small pieces, which would 
favour a more rapid and complete evolution of the gas ; in the last- 
mentioned instances they were en hloe. That iron may under certain 
conditions, as when deposited by electrolysis, take up nearly two 
hundred and fifty times its volume, has beeu shown by the recent re- 
searches of Cailletet. 3 An observation recently made has a bearing 
on this question. While analysing a specimen or silver amalgam, I 
endeavoured to remove the mercury from a weighed fragment of the 
mineral by heatiug the specimen in a hard glass tube, during more than 

i A. TV. Wright. Amir. Jour. St., WH, ix. 394. 
» A. Lowe. Amer. Jour. St., [2], riii. 439. 
3 L. Cuilletet. L' Latitat, Nouv. Ser. iii. 44. 
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five minutes in the flame of the table blowpipe. The silver imme- 
diately fused mid remained during that time in a molten state. When 
cold, the globule of metal was flattened into a plate, and having cut 
it into strips, and subjected it to a second heating, I succeeded in re- 
moving a considerable part of a per cent, of mercury from it. 

Wright's researches on the gaBes of meteoric irons have shown a 
varying character in the oxygen and nitrogen lines when in the 
presence of hydrogen, and the near coincidence of two of them with 
prominent lines in the corona, with the possible coincidence of a 
third line, which appears to indicate that the characteristic lines in 
the coronal spectrum are due. not so much to the presence of otherwise 
unknown elements, as to hydrogen, and the atmospheric gases oxygen 
and nitrogen. 

The observations were made with a spectroscope of six prisms 
with a repeating prism, giving a dispersion of twelve in all. 



Found 1840.— -Hemalga, Desert of T&rapaca, Chill.' 



Greg,* and Heddle as well, found cavities in certain portions 
this iron, some of the size of a pea, which are filled with metalli 
lead ; this is the only instance where that element has been mot with 
in a meteorite. Dr. Lawrence Smith has recently examined several 
specimens cut from the original mass, and is of opinion that the lead 
is altogether foreign to the iron, being doubtless derived from 
material with which the block was treated by the original discoverers 
for the purpose of extracting some noble metal from it. The lead, 
he finds, occurs only in cavities near the surface of the mass, whieb 
have channels of more or loss size leading to the surface. In pieces 
of the iron detached from the interior of the block and free from 
fissures no lead could be discovered. 



.. 
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1842, June 4th. — Aumieres, Dcp. de la Lozere, France. 1 
In an interesting series of papors on the study of rocks, especir 
as regards the analogies in point of structure and mineral compositiou 
which are to be traced between the terrestrial rocks and those met 
with in meteorites, Meumcr has adopted the following classification 
for the latter series: 1. Normal; 2. Brecciated ; 3. Metamorphio; 
4. Eruptive; 5. Rocks traversed with veins (jUtmnienne* concri- 
tionnieg); and 6. Volcanic* The iron of Deesa (which see) he 
regards as an examplo of an eruptive meteorite, tho stone of Chanton- 
nay represents the. class with veins entirely rocky. The veins of cosmi- 
cal rocks show as many varieties as terrestrial rocks. Tho upheaval of 




1 J. L. Smith. Amrr. Jour, /if., 1S70, ilix. 331. 

3 R. f. Greg, Phil. Mag. [4], I. \2.—A,ner. Jour. Sc, xiiii 

'■' H. MciiniiT. !.'■- 1'ii'iR'- i[ui t.iTiihrul iln (;ipl. La .Vndwe, 

1 This classification is, it is to be presumed, merely tentative. 
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rocks on our globe presupposes the existence of Faults, that is to say, 
of vents which establish iicemmiLiiicMliiin between tin? earth's interior 
and the atmosphere. Faults are recognized by the throws which the 
rocks constituting their two sides have undergone ; these rooks, 
although preserving their continuity, arc sliii'ted vertically in masses 
that may be very considerable. The more the surface of these faults 
shows traces of violent friction, the more they become polished, 
channelled, or striated. In the same way meteorites in a number of 
cases exhibit true faults, with throws and polished surfaces. In the 
meteorite of Aumieros, of which a representation is givon belcw, 
one fault is seen to cut another again to which it gives a downthrow 
of several centimetres. 1 




The stone of Aumi«rcB consists of a grey rock, like that forming 
the meteorite of Aiunale (18C5, August 2~>lh), which possesses the 
remarkable property of turning bind; when heated. By the friction 
of such surfaces and the consequent development of heat the adjacent 
surfaces undergo a true inetnmorphism. and the grey face as a con- 
sequence becomes bhick. Tho faults in such cases have the form 
of black lines which have very much the appearance they would 
present if traced with a pen. On comparing different fragments it 
becomes evident that where the throw and as a consequence the 

1 The second fnnli. is describe! in Mi-unicr'" |i:i[kt a- tiding liIjcvc mi the left-hand 
side of the figure iu a posiiiim nearly l>"ri/"iital, and cimliiuinl below en the right 
parallel to the first direction, being turmvii doiui mure than five cm. by the great 
oblique fault. It seems, however, Unit bis ilc.-criptiou is taken from the Mock and 
not the engraviuir, n birli by his kind permission 1 hace i-e|ir<iilnccd ■ and that the two 
faults respectively referred to [ire : one of these on the top towards the right, the 
--'- ti that which appears to connect the two great perpendicular veins. 
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meohamcal effect have been considerable, the black lines have a more 
marked character. The thickness indicates the degree of dynamic 
energy to which the stone has been subjected, and the grey rock 
of Auniale and Aumicres is in fact an extremely sensitive thermo- 
meter of a kind that may render great service in the study of the 
conditions to which meteorites may have been exposed. 



1843, June 29th. — Manegaum, near Eidnlabad, Khandeish. India.' 

The conspicuous ingredient in this stone is a pale yellow-green, or 
primrose-coloured mineral, with a tint similar to that of a very pale 
peridot or chrysolite, occurring in crystalline grains, and cemented 
together with a white opaque silicate. Under the microscope the green 
granules are seen to be tolerably symmetrical crystals, varying in 
size from a small pin's head to liiienjseopie dust; they were found on 
analysis to be a highly ferriferous enstatite or bronzite. They 
crystallise in the prismatic system, and yield the following results 
on measurement, which accord closely with the numbers obtained by 
von Lang when examining the enstatite of the Breitenbach siderolite : 

Brdlenbach emtattte. 

100, 110 = About 46" 46°52' 

100,101 - 49° 4' 48° 49" 

110, TlO = About Bs" 88° IS' 

110, 101 = 68° 39 58" 24' 

The specific gravity of tho mineral ie 
the chemical composition : 



lie hardness 5-G, and 

Oxyaen. 

55-699 29-706 

22799 9-1L9 J 

20-641 4-564 14059 

1*316 0-376) 

100-366 

These numbers agree very closely with those required by the 

formula (f Mg $ Fe) SiO s , and show the mineral to be twice as rich 

in iron as the bronzite of tho Breitenbach siderolite, where that 

silicate occurs in association with abundance of nickel-iron. A 



Silicic acid 
Magnesia 
Iron protoxide.. 



portion of the meteorite w 


as analysed i 


lite 


entirety wit 


ing results : 






feWM 








2B 




23-320 






Iron protoxide 


20-476 




4-660 14 




1-496 




0-427 ) 




1-029 







99-949 
1 N. Story-Moskehne. Philosophic! Trtntatiiw, 1870, Iilx. 189. iYoo. Sog'I 
fire., XTiii. 146. Foraiitnrlitr imlici tra J'/ii/. Mai/., 1S63, siv. 39, and /own. Atiat. 
Sue. Bengal, siii. 880. (The date fonnerly assigned to the fall of this meteorite, ra. 

the 16th July. Ii-is lu-fii Bijmvu by O-iri-ul ( 'iiiiiiLii^linrii In ':■<: , it "jus.) See dUo 

C. RammelEberg, Die Chemische Natur der Meteoriten. Abhandluni/cn Ak. Win. 
Berlin, 1870, 120. 
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These per-centages differ in bo small a degree from those yielded 
by the analysis of the picked crystals, that we arrive at the con- 
clusion that Loth ingredients have the same composition, and find in 
the Manegaum stone an instance of a meteoric rock consisting of a 
single silicate. The Ibbcnbiibren meteorite (1870, Juno 17th) 1 
since been shown by Vom Rath (see page 18) to be similarly con- 
stituted. A very minute amount of meteoric iron, far too small for 
isolation and analysis, occurs in the Manegaum stone. 1 




Found 1846. — Tula, Netschaevo, Russia.' 

This remarkable mass of iron, which encloses a number of angular 
fragments of rocky material and resembles a true breccia, was stated 
by Auerbach to contain but little nickel. Rammelsberg now finds as 
the residt of two analyses, conducted according to different methods, 
that the per-centage of this metal (and cobalt) is 10-24 and 9'84, or 
about four times the amount detected by the earlier observer. 



1847, February 25th.— Hartford, Linn Co., Iowa. 3 

This meteorite was originally examined by Shepard (Report on 
American Meteorites, 1848, page 37), who states that it consists of 
83 per cent, of a silicate to which he gives the name of ' howardite ' 
(an iron -magnesium silicate with the oxygen ratio of RO : SiO t =l : 
3-3), about 10 per cent, of nickel-iron and 6 per cent, of magnetic 
pyrites. Shepard moreover asserts in bis paper that this extremely 
acid silicate fuses easily before the blowpipe, and gelatinises with 
warm dilute acid. Not a little astonished that a silicate of this form 
should possess such properties, Rammelsberg undertook an examin- 
ation of this meteorite, which he finds to possess the following 
composition : 

Nickel-iron 10-54 

Troilite 6-37 

Soluble silicate 41-8S 

Insoluble silicate ... 41-21 

100-00 
The nickel- iron alloy consists of 

Iron = 89-7S; nickel = 10-2fi; Total = 100-Q0. 

and the composition of the two portions of silicate separated by the 
action of acid and sodium carbonate was as follows : 

SiO, AljOs FeO MgO CaO NbjO KjO 
A. Salable ■ 



B. Itualuble ..65*0: 



13-58 22-70 2-86 



1 This meteorite is stated to have been compwstivaly plastic lit the ti 
it tn Imve fiiL>sfi(iii-ntly In i-nin i- 1i:i:iLt mill iiinic compact. 
1 C. Iliimm(>Mli.-rjr. 'Miiiialnber. Ak. Wish, hcrhn, 1870, III. 444. 
' C. Rammelsberg. Monaliber. Ak. Win, Strlin, 1B70, 111. 457. 
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The oxygen per-centages of A clearly indicate the presence of an 
olivine in which the ratio of Mg ; Fe is 8:1, or the same as that of 
the variety of this silicate which occurs in the Hainholz siderolite. 
The insoluble portion, about equal in amount to the above, appears 
to consiBt of a bronzito (or bronzite mixed with a little augite), in 
which Mg : Fe : Ca is as 12 : 4 : 1 ; the ratio of iron to magnesium in 
the two minerals forming the chief ingredients of this meteorite is 
therefore the same. It is not improbable that the alumina, lime, 
and soda of the insoluble portion may he present in the form of 
oligoclase. Ham me Is berg's results differ altogether from, those 
given by Shepard, and indicate the presence in this stone of those 
minerals only which are frequently met with in meteorites. 
Howardite * has not been identified as a mineral species in any rock, 
terrestrial or meteoric. 



. — Braunau, (Hauptmamisdorf and Ziegelschlag) 
Bohemia. 1 

a tho crystalline characters of iron, and especially 
those of meteoric iron, Tschermak describes the structure of the speci- 
mens of Braunau iron preserved in the Vienna Collection. One piece 
exhibits the cleavage planes of the cube, as well as other smaller 
faces on the edges and corners of the cube ; the angles which these 
faces form with those of the cube are 70° and 48", corresponding 
evidently with those enclosed between the faceB of the triakis- 
octahedron (221) and the cubic faces, viz. 70° 31' and 48 J 11'. 
Faces were noticed in the following positions ; 
221, 212, 122, 221, 212, 221 
other six directions, although present, could not bo traced on the 
specimen which the author examined. Occasionally solid angles or 
corners are protruded from the cleavage planes with faces at right 
angles to each other and corresponding, as regards their position to 
the cube, with the directions (221). Little step-like markings, such 
as are seen on artificial iron, and fine lines, evidently sections of thin 
plates, are likewise observed in positions that correspond with one 
or other face of the triak is- octahedron (221). Tschermak shows 
that the development of these faces is due to twinning, not by con- 
tact, but by interpenetration, the normal on 111 being the axis of 
twinning. Such twinning is met with on crystals of fluor-spar. 

By etching the Braunau iron two varieties of figures arc developed: 
with a moderato use of tho corroding reagent an orientated sheen 
is developed, tho fine texture exhibiting what von Haidinger termed 
crystalline ilaviiaskhiiiig (see page 20). As the author has shown in 
the case of the lliiniil : iron ihi.s appearance is due to slight depression! 
of the surface ; they are, in fact, little cubical hollows, the sides of 

1 G. Tschermak. Sitzbtr. M. Wise. JFim, 1874, Nov.-Heft, In. 
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•which are parallel to the cleavage faces. A second curious feature 
brought to notice by etching are little furrows which make their 
appearance on those parts of the cleavage-face whore the fine lines 
were previously seen, lines which owe their origin to the plates 
parallel to (221). The twin-lamella; therefore are more readily 
acted upon than the mass of the metal. 

On dissolving this iron in dilute nitric acid a residue remains 
which consists of fine yellow metallic needles and excessively thin 
yellow plates ; occasionally pnrtk-lcs (ire met with exhibiting every 
stage of transition from one to the other of these forms. The plates 
are not unfreqnently broken through, or imperfectly developed, iu 
the manner with which we are familiar in crystals of some varieties 
of specular iron from volcanic localities. The needles, as Eose has 
already shown, lie parallel to the edges of the cleavage- cube. 
Tschermak believes both plates and needles to have the same com- 
position, to be in fact schreibersite. By reason of the small amount 
of material available for examination he was unable to determine 
the crystalline form of this mineral, but he is of opinion that it will 
be found to be either tetragonal or rhombic. 



1850, November 30th. ■■ -Sha'lka, Baneoorah, Bengal.' 

The mineral characters of this meteorite were first described by 
von Haidinger and G. Eose, and the chemical investigation under- 
taken by C. von Hauor, who found the silicates, when analysed in the 
masB, to give numbers the oxygen ratios of which were: EO to SiO ( 
as 1 : 2435. While von Haidinger regarded the chief constituent 
of the meteorite to he a silicate to which he gave the name of 
' piddingtonite,' G. Eose considered it to be composed of olivine 
and another mineral ' shopardite,' which has now been found to be 
as hypothetical a species as ' piddingtonite.' Eammelsberg during a 
recent examination of the meteorite determined it to consist of: 



99-46 

the separation with acid and sodium carbonate yielding the following 
numbers : 

SiOj FbO MgO CrO NajO Chiomite. 

A. SotuMe ... 36-17 35-80 29-03 — — — 10000 

B. Insoluble ... 65-66 16-63 27"73 0-09 0-92 0-33 = 101-16 

Rammelsberg therefore finds this meteorite to havo a much more 
simple composition than the earlier investigations, and to consist 
mainly of a bronzite and a few per cent, of olivine, in each of which 
the Fe is to Mg as 1 ; 3. 



116 
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According to the resulfs given iu Maakelyne's paper, the constitution 
of this meteorite, or of the portion of it examined in the British 
Museum Laboratory, appears to be yet more simple, A small amount 
of the debris of the stone waB found to possess the following com- 
position : Oxygen. 

Silicic acid 46-370 "' 

Iron protoxide 19060 

Magnesia 16-636 

Lime 2214 

Cm-omite „ 17717 



A mottled grey-coloured mineral, Forming the chief constituent of 

the meteorite, was twice submitted to analysis with the following 
results : 

I. Oxygen. II. Oxygen. 

Silicic acid 52-831 28-176 52-725 28-120 

Iron protoiide... 21-863 4-859 22-992 5-109 

Magnesia 34-268 9-706 24086 9-630 

Lime 0*502 0-143 — — 

Chromite 0*643 — — — 



These numbers correspond with the formula (% Mg J Fe) SiO,, 
which is identical with the bronzite of the Mauegaum meteorite 
(page 112). 

These results, it will be seen, do not indicate the presence of an 
olivine. To check them, two weighed portions of the mineral were 
subjected to the action of hydrochloric acid and sulphuric acid 
respectively, with subsequent treatment with sodium carbonate in 
each case, whereby the following constituents were removed : 

I. Oxygen. II. Oxygen. 

Silicic acid 1-607 0804 3-900 2080 

Iron protoxide... 0-974 0*216 1-789 0-399 

Magnesia 1-058 0-423 1-877 0-750 

3-539 7-576 

The slight excess of iron oxide found in each case is doubtless due 
to tho presence of a little uns'-'puraled nickel-iron. These results 
confirm the above analysis and fail to indicate the presence of olivine 
in this meteorite. 



Found 1850.— Ruff's Mountain, Lexington Co., S. Carolina.' 

In an examination of this large block of meteoric iron Shepard 
detected the presence of only 3*12 per cent, of nickel. By employing 
two more refined methods of analysis, Rainmelsberg now finds : 

I. II. Mtnn. 

Nickel 7-60 8-65 8*62 

1 C. EammelBoerg. Urn ulster. Ak. Win. Berlin, 1870, lxi. 444. 
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which is sfill within the limit that I find to obtain in tli 

where an iron exhibits Wtdmannstiittian figures. (Compare with the 

list on page 26.) 



1852, September 4th. — UeziJ-ffladaraz, Transylvania, 1 

Allusion has already boon raado to Kammelsberg's recent investi- 
gation of this meteorite (see page 10). His previous researches on 
the constitution of the meteorites of Klein wenden, Pultusk, Rich- 
mond, arid Linn Co., Iowa, 5 had proved them to consist of a mixture 
of olivine and bronzite, and in his review of the additions made 
during the last few years to our knowJedgi! of these cosuiical masses, 3 
he bad demonstrated that of the fifty chondiitic meteorites which had 
np to that time been submitted to analysis, the greater part 
yielded a like result. Certain among (lie liiekovit.^, however, did not 
appear to come under this rule ; among them is the one mentioned 
above which had been analysed by Atkinson. 1 who found no iron 
protoxide in the insoluble portion, and determined the part broken 
up by the acid to bo a trisilicate. The author was induced to analyse 
the stone afresh, and ho has arrived at the following results : 

Nickel-iron 979 

Troilite 6*24 

Chromite 0*80 

Soluble silicate 4283 

Insoluble silicate 4034 

100-00 
The nickel-iron, which has the composition indicated by the 
formula Fe B Ni, yielded the following numbers : 

Iron = 83*25 ; Nickel (cobalt) = 1675. Total = 100-00 
and the silicates those given below : 

SiO, AliOs FeO MnO NiO MgO CaO Na 2 

A. Soluble 36*61 2-19 22-82 0*42 0-H 35-49 0*00 103 = 9920 

B. Iisolublc 52*02 608 13-27 — — 21-85 3-74 328 =10024 

C. Total 44*24 4-10 18-25 022 0*07 28*98 2*02 2-12 =10000 

The soluble part is an olivine of the same composition, 3 Mg, SiO, 
-J- Fe s SiO,, as that met with in the meteorites of Hainholz, Borkut, 
St. Mesmin, Muddoor, Sherghotty, etc. ; the insoluble portion appears 
to be a bronzite, in which the bases Ca : Fe : Mg=l : 3 : 9, accord with 
those of the variety of this mineral which occurs in the Chantonnay 
stone. The Meao-Madaraz meteorite therefore belongs to the large 
class of chondritic masses above mentioned. 

1 C. KnmmelsberK. Zeitschrift Deutsch. Geo!. Gescll. Berlin, 1871, ixiii. 734. 
* C. Bammelsberg. Mmnt1>bcr. Ak. U'i.is. htrliu. 1S70, lxi. 440. 
5 C. llaminelsbcrg. Die Cheniischu Natur iter Meteoriten. Abhandl. At. Win. 
Berlin, 1870, 76. 

" T. Atkinson. Jour. Pratt. Chem., 1856, lxviii. 357; Phil. Mag., li. 141. 
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1B52, December 2nd. — Bnsti, between Gomckpur and Fyaabad, 
India. [Lat. 26° 45' IT; Long. 82° 42' E.] 1 

With a view to obtain more satisfactory means of dealing with 
the aggregates of mixed and minute minerals, which constitute 
meteoric rook, the author of this paper sought the aid of the 
microscope, having in the first place sections of small fragments out 
from the meteorites so as to be transparent By studying such sections 
we leam that a meteorite has passed through changes, and that it 
has had a history of which some of the facts are written in legible 
characters on the meteorite itself ; and we find also that it is not diffi- 
cult roughly to classify meteorites according to the varieties of their 
structure. Constantly recurring minerals maybe recognized; butai 
to what they aro the method affords no means of determining. Even 
the employment of polarized light, so invaluable where a crystal of 
which the crystallognpbia orientation is at all known is examined 
with it, fails, except in rare cases, to indicate with certainty even the 
system to which such minute crystals belong. It was found that the 
only satisfactory way of dealing with the problem was by employing 
the microscope, chiefly as a means of selecting and assorting out of 
the bruised debris of a part of a meteorite the various minerals that 
compose it, and then investigating each separately by means of the 
goniometer and by analysis — finally recurring to the microscopic 
sections to identify and recognize the minerals so investigated. In 
the memoir, mentioned below, the author publishes the results of the 
former part of this inquiry. It is obvious that the amount of each 
mineral which can bo so obtained is necessarily small, as only very 
small amounts of the meteorite could be spared for the purpose. On 
this account tho greatest caution was required in performing the 
analysis of such minerals, and the desirableness of determining 
the silica with more precision than usually is the case in operations 
on such minute quantities of a silicate suggested a process which, 
after several experiments had been conducted with a view to perfect- 
ing it, assumed a definite form. The method, which essentially con- 
sists in the separation of the silicic acid from the bases by distilla- 
tion with hydrofluoric acid, by which means the operator is enabled 
to proceed to the estimation of the wholo of tho constituents of any 
silicate in one and the same portion, will be described in detail 
later on with other new methods of analysis. (See Part III.) 

The first meteorite investigated on the priaciples here laid down 
was the remarkable stone which lull at Bnsti, in India, at the above 
date. The fall, which took place from a cloudless sky at 10'10 a.m.. 
was attended with an explosion, louder than a clap of thunder and last- 
ing three to four minutes, and must have occurred about the time 
the stone passed the longitude of Goruckpur. The meteorite, which 

1 H. Story-Msskelvne. True. Stiyal Society, iviii. He. Philosophical Trm>- 

ariiiitu, clx. mi). {.Sir also Alistrnd in Xaturc, i. 3m!.) — A preliminary notice of 
this mcteoritu appeared in Hie Brit. Assoc. Jttport, 1862, " Notices and Abstracts." 
Appendix ii. 190. 
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■weighs about 3 lbs., consists for the most part of the mineral enstatite ; 
at one end, however, are embedded a number of chestnut -brown 
Bpherules, in which again were detected minute octahedra having the 
lustre and colour of gold. These two minerals seem scarcely to 
have been affected by the heat which fused the silicates surrounding 
and encrusting them. 

The brown spherules are calcium (magnesium) monosulphide, and 
they have been named by the author ' oldhamite ' ; their outer surface 
is generally coated with calcium sulphate. This mineral cleaves with 
equal facility in three directions which give normal angles averaging 
89° 57'; they are no doubt 90 s . Its system, therefore, is cubic; in 
polarized light it is seen to be devoid of doublo refraction. 1 The 
specific gravity is 2'58 and the hardness 3*5— A'O. With boiling 
water it yields calcium poly sulphides, and readily dissolves in acid 
with evolution of hydrogen sulphide. The composition of these 
spherules was found to be : 



Gypsum 

Curium o 



100*01 



100-01 



The presence of such a sulphide in a meteorito shows that the con- 
ditions under which the ingredients of the rock took their present 
form are unlike those met with in our globe ; water and osygen 
must have alike been absent. The existence of iron in a state of 
minute division, as often found in meteorites, leads to a similar con- 
clusion. But if the conditions necessary for the formation of pure 
calcium sulphide be borne in mind, the evidence imported into this 
inquiry by the Bust! aerolite seems further to point to the presence 
of a reducing agent during the formation of its constituent minerals ; 
whilst the crystalline structure of tho oldhamite and of the mineral 
nest described must certainly have been the result of fusion at 
an enormously high temperature. Tho detection of hydrogen in 
meteoric iron by Graham, and more recently by other observers, tends 
to confirm the probability of the presence of such a reducing agent. 

" Osbornite " is the name given by the author to the golden-yellow 
microscopic octahedra embedded in the oldhamite. These minute 
crystals gave the following angles : 

oclaheflron. 
111,111 = 70° 27' and 70= 37' 70' 31' 
111, iff = 109° 31' 109° 28' 



This mineral withstands the action of the most powerful aoids, is 
unchanged by fused potassium carbonate, and possibly when heated 

1 I observed a fragment of this mineral to exhibit phosphorescence. When 
slightly warmed and illuminated by burning magnesium wire it emitted orange 
coloured light. 
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with the chlorate ; ignited in dry chlorine it glowed for a few seconds, 
lost its metallic lustre, ami l-.d'l n residue which soon began to deliquesce. 
The amount, about 0'002 gramme, waB too small for anything but 
a qualitative examination, which showed it to consist of calcium, 
sulphur, and an element, which gives the reactions of titanium 'or 
zirconium, probably the former, in some singularly stable state of 
combination. By healing zirconium to an intense heat with lima 
and aluminium under conditions which probably did not exclude the 
presence of sulphur, Mallet 1 obtained a golden -ye How incrustation, 
cubic in form, nnattacked by the strongest acids, and possibly 
analogous in its nature to osbornite. 3 

The nest mineral described is an augite of a pale violet-grey 
colour, intimately mixed with another silicate presently to be con- 
sidered ; it belongs to the oblique system, the measurements yield- 
ing the following approximate values ; 



001, 100 = 

001, 110 = 

110, 100 = 

no, "no = 



About 75° 30' 

.i 81° 

46' 64' to 47° 26' 



The plai 

[100,001], t 



e containing the optic axes is peqiondicular to the edge 
md the optical character in the centre of the field is 
negative. When looked through in any direction parallel to the zone 
circle [001,010], the crystals show a remarkable diehroism; the plane 
100 presents a soniewhut futile cleavage, and is also conspicuous for 
a remarkable metallic lustre, recalling that seen on soma kinds of 
diallage, but of a fine golden hue. The author is of opinion that 
osbornite may permeate the augite in minute interlaminated layers of 
sufficient thinness to be transparent. 

Two analyses of this mineral gave the following numbers : 

II. (3 Mg * Ca) SiOj 

66*694 66604 

23-036 23*686 

19-942 19*311 



Silicic acid . 
Magnesia 

Iron oxide . 
Soda ... , 
Lithia .. 



•564 



[0-564] 



1 See researches on thf protnee of riijniiim vapour in thi 
cbrfmn'siilicre, by C. A. Young. Amtr. Jour. Se., 1371, ii. 3 

* J. W. Mallet. Am,;-. Join: <SV„ 1850, ixviii. 340. 

1 By fining fragments of the Montri-jcan and Aumnle 
ornoihles Daubree obtained it compound of t Irani on l " ii'ii^iii'iihl,: lij 
coli-iir mid its powvr to rosisl tlii> ai'tion of acids." Tina I take to 
beautiful copper-cidoiLivd sululaufii discovered by Woliler. 



100-364 99*435 100-000 

The iron oxide contains some of the titanoid metal met with in 
osbornite. In terrestrial varieties of augite the calcium is usually 
in excess of the magnesium. The mineral was somewhat soluble in 
acid, the action, however, was found to bo simply that of a solvent. 



solar prominence and 



meteorite? in carbon 
Je iiv itJ Hi ;it,ii-1 eristic 
ako to be Ti t CN„ the 
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While the augite is present in greatest quantity in the area 
containing the calcium sulphide, it is met with in other parts of the 
stone ; and associated with it everywhere, and forming the mass of 
the stone, is another silicate, which proved to be an enstatite like 
that of the meteorite of Bishopville (1843, March 25th). 

It presents the appearance of a number of more or less fissured 
crystals, with different degrees of transparency, and with a more or less 
symmetrical polygonal outline, embedded in a magma of fine-grained 
silicate. Three varieties of this mineral are described : I), a dark- 
grey glistening crystalline substance, tabular in form, very opaque, 
and presenting cleavages indistinctly marking the faces of a prism for 
which the moan of several measurements gave an angle of {JJ'S-ti 
H). a colourless transparent variety, which is rare ; and III), a grey 
semi-transparent splintery mineral in very composite fragments. 
The following additional measurements were made of this mineral : 

100, 110 = About 46" 45" 62' 



010, 011 (?) = About 40" 40° 21' 

The planes 100 and 110 are cleavages. The chemical examination 
of these three varieties yielded the following per-centage numbers : 
I. II. III. MgO.SiO, 



Silicic acid 


.. 67-697 


58-437 


67-037 


57-961 


67-754 


60-000 




„ 40-640 


38-942 


40 674 


39-026 


38-397 


40-000 






1-677 


2-204 


1-624 


2-376 






.. 1-438 


1-177 


0-867 


0154 


0-423 




Potash ... . 


.. 0-304 


0-332 




0-569 


0-569 




Soda , 


... 0'OOB 


0-367 




0-880 


0-867 




Litliia 


... - 


- 


_ 


— 


0-016 


— 



100-975 100-922 100772 99-914 100-192 100-000 

Each variety was acted upon to some extent by aoid; the action, 
however, was found to be simply that of a solvent. 

The meteorite also contains a little nickel-iron and schreibersite, 
having the composition : 

Nickel!™ $ Iron 9 *' M9 

JNicfcel-iron (Nickel 3-849 

(Iron 0-884 

Schreibersite J Nickel 0-234 

(Phosphorus 0-084 

100-000 
a very small quantity of troilite, and a small but appreciable amount 
of chromite, a crystal of which gave the solid angle of a regular 
octahedron. 

The memoir is illustrated with two plates : the one showing very 
carefully drawn microscopic sections of the augite and enstatite, the 
other views of the stone and a section of the nodule containing the 
oldhamite spherules. The accompanying plate is an endeavour to 
reproduce, by the chromolithographs process, a very elaborate water- 
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oolosr sketch of this interesting itooe prepared bj my friend Mr. 
Edward Fielding. On tbe upper portion of the mnr&m towards the 
right hand is aeen the area, where the spherules of the calcium sol- 
ptude and some large crystals of the augice are situated ; below is a 
peptta of nickel-iron, the occasional white patches *—!!«— Hng Urge 
crystals of enstatite. 



Found 1853.— TueweU, Claiborne Co., 



This meteorite was one of those selected by the author for ha 
investigation with the spectroscope of the gases occluded by meteoric 
iron (see also the meteorites of Red River, Texas, and Arva, Hungary). 
It is noted for the large amount of nickel. 14-62 per cent, which it 
contains ; it had been examined by Dr. L. Smith, 1 who found no 
carbon in it. As in the case of the Texas meteorite, this iron 
appears to evolve gas at ordinary temperatures ; the red and green 
hydrogen lines were brilliant, while the bands of carbon were 
not noticed. When heat was applied, the spectrum showed the 
hydrogen lines very brilliantly, and the four chief carbon bands 
were strongly marked. As the tension of the gas decreased, the 
hydrogen lines became relatively brighter and the carbon narrower ; 
when the guage stood at 1 mm. these bands were still prominent, 
while some narrow bands apparently belonging to nitrogen were 
observed. They differed however somewhat, as regards their rela- 
tive intensities, from those observed with nitrogen alone. One of the 
lines appeared to coincide with the chief coronal line 1474 K, although 
less sharp than it appears in the solar spectrum. An oxygen 
line, likewise observed, has the position 14t>2 K very nearly, and 
closely agrees in point of refrangibility with a bright coronal line 
noticed by Denza and Lorenzoni during the eclipse of the 22nd Dec, 
1870. A second oxypen line, less bright but sharp and distinct, has the 
position 1359 ± 1 K. The author directs attention to the complete 
change which the spectrum of an air-tube undergoes by the intro- 
duction of hydrogen. According to the method by which Wright 
calculates the amount of gas present in an iron (see the meteorite 
of the Red River, Texas, page 99), this metal occludes 4-69 times 
its volume of mixed gases. Although the greater part of the gas had 
been removed, the author is of opinion that the whole amount was 
by no means extracted. The fact of the volume of gas in this 
instance being in excess of that obtained by Graham and Mallet 
probably arises from tbe Tazewell iron having been in a finely 
divided state, and Wright's recent researches on the iron enclosed 
in the meteorite of Iowa (1875, February 12th) support this as- 
sumption. 

k 1 A.W. Wright. Amer. Jour. St., 1875, ii. 294. 
1 J. L. Smith. Amer. Jour. Sc, [2], xii. lfiS. 
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1853, February 10th.— Girgenti, Sicily.' 

It is unfortunately probable that the history of this fall has been 
lost to science. Yom Rath has recently endeavoured, but without 
avail, to gather information from Gommellaro, of Palermo, respecting 
■what now appears to have been a shower of stones rattier than the 
fall of a single meteorite, as hitherto supposed. Gemmellaro was 
unable in 1869 to discover any persons who witnessed the fall; as, 
however, it appears that two years after the occurrence Greg 1 was 
informed that an account had been printed in a Sicilian scientific 
journal, more particulars of the fall may yet bo obtained. 

The two fragments examined by Yom Rath were partly covored 
with a black crust forming an undulating surface, with occasional 
little prominences that revealed the presence of nickel-iron. The 
structure of the rock is chondritic, of a light greyish white, and finely 
granular, appearing to the eye almost uniform in texture. A frac- 
tured surface exhibits a great number of exceedingly fine black lines 
which seem to have their origin in the crust, although, from their 
diminutive size (they are generally only to he recognized with a 
lens), it iB, says the author, difficult to believe that they are filled 
with fused matter. (Compare Meunier's observations on the black 
lines in the Aumieres meteorite, page 111.) They form a tangled 
mesh-work enclosing the spherules and rounded crystalline grains 
of olivine ; and they are most abundant round the granules of 
magnetic pyiites, which they occasionally traverse. The nickel-iron 
is less abundant tha?i in the Pultusk meteorites, and besides forming 
rounded or haokly grains, occuts, as in the Kriihenberg aerolite, in 
fine veins. The magnetic pyrites itioilite .'}. which is more abun- 
dant than the preceding mineral, takes different hues, and both it 
and the granules of chromite are grouped together in small circles, 
which give tho rock a more distinctly chondritic character. Spherules 
of sufficient size to project from a fractured surface and capable of 
being detached are rare ; some, however, have a fibrous structure 
and a pale green colour. Under the microscope the mass of the rock 
is found to be an aggregate of white crystalline grains; in it one 
small yellowish- green crystalline plale having the appearance of 
mica was noticed. The specific gravity of the stone is 3-549, a 
number intermediate between those yielded by the Pultusk and 
Kriihenberg meteorites. The Girgenti stono contains SS per cent, 
of nickel-iron having the composition : 

Iron = 87 3; Nickel = 12-7; Total = 1QQ-0. 

Here again the proportion of this constituent is intermediate be- 
tween that found in the meteorites just mentioned ; and in composition 
nearly the same as the nickel-iron of Kriihenberg. 

The non-magnetio portion, amounting to 91*7 per cent., which, 
by reason of the small amount of material available for analysis, 



i Q. vom Rata. Fogg. Am., 1869, C 
1873, lnvi. 109. 
a K. P. Greg. FhU. Meg. niv. 534. 



iii. 541.— S. Meunicr. Campt. rend., 
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was not subjected to the separating treatment of acid, was found to 
consist of : 




If the chromite and the iron sulphide, which as it occurs in tlie 
portion of the stone unacted upon by the magnet is probably troilite, 
be deducted, the silicates have the following composition: 

Silicic Mid ifi-fll 34-19 

Alumina 1-88 078 

J™<i |.n>Wiide 19*22 4-33 

Magnwift 2889 11-55 

Lime 1-99 0-67 

Boda(f) 1-81 0-66 



The oxygen ratio of the total bases to that of the silicic acid is 
1 : 1-352. As this is obviously a mixture of silicates, it seems not 
improbable, both from the structure of the stone and the analytical 
determinations, that it consists, as in the Kriihenberg rock (see page 
5), of an olivine of the form Fe( ', Mgt ), BiO, (like that also occur- 
ring in the meteorites of Chiiteau-lienard and Kakova), and a nearly 
pure maguesian enstatite, as the following scheme indicates : 
FeO, MgO, BiO,. MgO (CaO), SiO a . 
Oxygtn. Oxygen. 

Silicic acid 8-68 ... 15fi3 

Ironoiide 433 I „ -- ... 

Magnesia 4-33 j ° "" ... 7'22 \ ,.-_ 

Lime ... 0-57 f ' ' 

For the reason already mentioned the presence of cobalt and of 
the alkalies could not be directly determined. 



Found 1854.— Tucson, Pima Co., Arizona. 1 

This remarkable mass of iron, of which an account is given in 
Bartlett's " Personal Narrative," 1 ha3 been chosen by von Haidinger 
to illustrate some remarks on the rotation of meteorites. It measures 
4 ft. 1 in. by 3 ft. 3 in., weighs about 1400 lbs., and is in the form 
of a ring. When first found, it was set up as an anvil. 

Von Haidinger points out that the greatest extension of the iron 
is iu the plane of the ring, and that the rotation must have taken 
place in this plane. The question arises : What would be the effect 
which the resistance of the air would exercise on a plate of iron of 
unequal thickness'? In the centre of the compression, and therefore of 
the expansion, the air, he finds, would he compressed together in a con- 

1 W. von Haidinger. Sitzier. AUi. Wins. Winn, 1870, lxi. 499. 

* J. E. BnrtU-lt. rVrsimiil Xiirriiin'f- ..■' Eiplnnii jurn nml Inritlents in Tiui, 
NcwMcsiccj, California, Sninira, ami Chihuahua. 1854. New York; Appleton & Co. 
Page 297. 



dition resembling that of a solid body. What then will be the effect 
on a large mass of rock, the uneven surface of which is subjected to 
the unequal action of a temperature of fusion r The stone will be 
bored into, as the Gross-Divina stone has been to a considerable 
depth ; a similar phenomenon ha3 been remarked in other meteorites. 
"While this will bo the effect on brittle stony material, in the present 
case the resistance of the air, operating on a plate three to four feet in 
diameter of viscous metal, will be more rapid and energetic. The 
plate will in process of time be penetrated at one point, and by the 
gradual expansion of the orifice it will at last develope into a ring, 
and arrive in this form on the earth's surface. 

The meteoric iron which was seen to fall at Agram, Croatia (1751, 
May 26th), has the form of a plate, and bears evidence of having 
been subjected to the same eroding influence, though in a less degree. 
Had it been continued to the depth of another inch this iron would 
have been perforated, aa in the case of the Tucson ring. 




The above is a representation, one-twentieth the actual size, 
of this curious mass, which is preserved in the Smithsonian Institu- 
tion, at Washington. The figure is reproduced from von Haidingor's 



1855, June 7th. — St. Denis-Westrem, near Ghent, Flandre orientale, 
Belgium. 1 

The earlier descriptions of this meteorite are by Duprez 3 and 
Haidinger. 3 Meunier states that the rocky portion of this meteorite 

1 S. Meunier. Bull. Acad. St. Vdgique, 1870 [2], siij. 210. (See also P. 
Dnprez, Bull. Acad. He. Bilyiquu 1870 [2], xsk. lUl.j-Awnl. niyiilu do 13u1gii|ue. 
Centime AunivHvuiri' i.lu Fumlntion (1772-1872). Tome II. Mapport seculaire 
(Sciences mimnilet), par G. Ikuali/ue, 23. 

1 P. Duprez. Bull. And. Sc. lUtqt.nti; IS 55 [2], i. 12. 
"' m Haidinger. Sitzbcr. Ak. Witt. Wict; 18G0, xlii. 9. 
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accords in all its characters with that of the stones which fell at 
Luce, Sarthe, Franco (1768, September 13th), Mauerkirchen and 
others, as well as with that of the meteorite of Sanguis St. Etienne, 
Basses-Pyrenees (18G8, September 7th). The latter rock, to which 
be has given the name of " luceite," is described as white and finely 
granular, rough to the touch and eminently crystalline, and having 
the specific gravity of 343. He reproduces from another of his 
memoirs the results of his examination of the last-mentioned 
stone, and to this we shall presently direct attention. No analysis 
of the Belgian meteorite appears to have been made. The paper 
is chiefly devoted to theoretical considerations respecting the strati- 
graphical arrangement of the star-masses whence the meteorites 
are supposed to be derived. Meteorites, he maintains, are the pro- 
duct of the broaking-up of larger celestial bodies at the completion 
of their development, and the moon, he considers, is now approaching 
this stage of her existence. 



1856, November 12th. — Trenzano, near Brescia, Lonibardy.' 



Jervis gives a complete list of the collections in which fragments 
of this meteorite are preserved. 



Found 1856. — Hainholz, near Paderborn, Miiiden, Westphalia. 9 

This member of the small class of siderolites, originally described 
by Wiihler, von Kcichenbach, and von Haidinger, has recently been 
submitted to a careful chemical examination by Kammelsberg. It 
was remarked by von Eeichenbach that tho olivine of this meteorite 
formed unusually large crystalline masses, the faces of which, how- 
ever, were destroyed by weathering; one crystal was 1J in. long 
and 1J in. in breadth. 

Two specimens of this meteorite were found by Eammeleberg to 
have the composition : 

Nickel-iron 1146 12-70 

Chromite 068 10-52 

Olivine 66-45 62-78 

Bronzite 28-49 24-00 



Total = 100-0' 




The metallic portion consists of: 

Iron = B3-84 ; Nickel = 6-16 

Q. Jen-is. I Tesori Sotterranei dell' Italia. Porte Prima. Torino: 
1S73. ]'age277. 

C, Rnmmelsberg. Monalaber. Akad. Wia. Berlin, In. 814. — O. Itnmmelelierg. 

Dioiilnjiui-idiuXiitunli-r Mi.'tt'i.rilci]. AhhahJL AM. Il'as. Berlin, 1870,94. Seo 
also Ber. Diutich. Chem. Oesetl. Berlin, 1870, if " 
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and the two silicates have the following composition : 

SiO, AljO, FeO MgO CaO 

A. Soluilt ... 3577 ... — ... 22-91 ... 41-32 ... — =100-00 

B. Instable ... 63-05 ... 3'19 ... 15 63 ... 2510 ... 2-73 =100-00 
The soluble part, which, constitutes more than one-half of the stone, 
is an olivine in which the ratio Fe to Mg ia 1 : 3, the same proportion 
as that met with in the Linn Co., Shcrghotty and other meteorites. 
In the insoluble portion we have a bronaite in which the ratio of 
these two metals is the same as that of the olivine accompanying it, 
and as that in the enstatite of the Shalka aerolite. In the latter 
meteorite the bronzite ia not associated with nickel iron. The con- 
stitution of these two ingredients of the Hainholz siderolite may bo 
represented by the formulas : 




. 



) FeBiO a | 
Fe s SiO. ) (813 MffSiO. 

I Mg, SiO, \ J Al,Oj 



Found 1856 (?).— Jewell Hill, Madison Co., H. Carolina.' 



This iron has been found by Tschermak to enclose thin plates of 
troilite like those he recently noticed in the meteoric iron of Ilimai;, 
Desert of Atacama, Chili. (See page 19.) The lamella} are just as 
abundant and have the same orientation as those of the Chilian iron, 
and are about one-third the size. According to the analyses of 
Tschermak and l)r. Lawrence Smith, these mewl lie masses have nearly 
the same composition. In a volume of his papers collected and 
published in 1873, the latter author' states that the Jowell Hill iron 
reached his hands in 1854. 



1857, February 28th, — Parnallee, Madura District, Madras, India. 
[Lat. 9= 1* N. ; Long. 78° 21' E.] 3 

Several notices of this remarkable fall, the larger aerolite of which 
is preserved in the British Museum, have appeared : threo by 
von Haidinger, and threo by 1). Cassels, by 2). Pfeiffer, who sub- 
mitted the rock to analysis, and 3). by Maskelyne, who studied its 
minute structure under the microscope. Meuuier publishes the 
results of a lithological study of this stone, which ho finds to have a 
■very complex structure, and to present in its leading features great 
similarity with the meteorites of Cabarras Co. (1849, October 31st), 
Mezo-Madoraz (1852, September 4th), and Bremervorde (1855, 
May 13th). Its structure has been described as pfsolMa: Meunier, 
on the contrary, likens it to a coarsely granular grit. The grams 
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G. Tschermak. I)mi.iri,rift n',;». AL-id. Math. Natalie. Claste, 3 
J. L. Smith. MiucralogY uml Chemistry, 317- 
" Meanier. Ompt. rmd., 1S71, lixiii. 346. 



HISTORT OP METEORITES. 

composing it are often angular, sometimes more or less rounded, and 
in each instance have the characters of fragments which have been 
detached from larger masses : the rock, in short, is a breccia. Daring 
a careful examination of the four specimens preserved in the Paris 
Collection, Meunier noted the presence of twelve distinct species 
of grains: 1). troilite, sometimes in fragments of large size; 2). 
nickel-iron, in rounded or markedly angular fragments ; 3). greyish 
green translucent peridot, presenting the appearance of having been 
rolled ; 4). cbromite, enclosed in a whitish rocky matrix ; 5). a grey 
laminated mineral, with pearly lustre, which is probably hypersthens 
or nmphibole. The remaining seven species, which may mors 
appropriately be designated rocks proper, are divided by the author 
into two groups, according as he has, or has not, been able np to toe- 
present to identify them as individual lithological types constituting 
distinct meteorites. In the latter group lie enumerates 6). a grey 
scoriaceous rock, free from metallic particles ; 7). a dark grey rock, 
enclosing them ; and 8). a bright grey slightly ochreous rock, prob- 
ably the altered product of another species. Meunier is of 
opinion that any one of these three Bpeeiea may at some future 
period be found to constitute an individual meteorite. The remain- 
ing four species are : 9). a white granular rock, enclosing nickel-iron 
and troilite; this variety, which occurs in about thirty of the 
meteorites in the Paris Collection, he has termed luce'ite ; 10). a 
rock of the whiteness of plaster and enclosing small black grains ; 
this is the 'chladnite' of tie Bisliopville meteorite, now shown to he 
maguesian enstatite, MgO, SiO,; 11). a rock, perfectly black and 
very tough, ci in tain in i; grains of niekcl-iron and troilite; such a mate- 
rial, met with in the stone of Tadjera {1867, June 9th) and the 
meteoric irons of Deesa and Hemalga, has received the name of 
tadjerite ; and 12). a greenish grey friable granular highly crystal- 
line rock, containing no metal but small grains of chromite ; from 
its resemblance to the meteoric rock of Chassigny (1815, October 
3rd), and in fact by reason of its highly olivinous character, it has 
received the mime of chassignite. 

The presence, says the author, in the 'polygenic conglomerate' 
of Parnallee of fragments belonging to seven types at least of 
distinct meteoric rocks, demonstrates the co-existenco of these types 
in the star-mass whence this Indian meteorite came. 



1858, December 24th. — Murcia, Spain.' 

This meteorite, which was shown at the International Exhibition 
of Paris in 1867, is in the form of a right parallelepiped with 

■ S. Meunier. Tbtsc presence a ]a Faculle lies Si-icnn's di' Pari?, I860. RechcrcliM 
lur la etoHpatitian el la Structure dtt Mttiorita, !), «( «^. (S ce alsu ti, A. Dilutee 
and 8. Meunier. Compt. rend., 1868, Uvi. 63S.) 
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square base, the dimensions whereof are 39 centim., 40 centim., 
and 27 centim. It weighs 114 kilog., considerably surpassing in 
size the average of rock masses of meteoric origin. 

This meteorite is remarkable for its hardness. The cruBt, which 
is nearly perfect, has evidently turned since the fall of the stone 
from black to brown. On the fractured surface grains of nickel-iron 
are seen, few of which retain their lustre, as well as an iron sulphide 
of a bronze hue which is abundantly disseminated through the mass. 
Besides these are remarked, and this is a distinguishing feature of 
this rock, very small extremely brilliant crystalline particles, some- 
times in minute veins, which appear to be metal, but really have 
vitreous lustre. They fuse before the blowpipe to a grey enamel, 
and give the reactions of silica and alumina. They are probably a 
felspar or an analogous mineral species. Though by their brilliancy 
and transparency they resemble quartz, the feeble action which they 
exert on polarized light suffices to distinguish them. In a microscopio 
section the presence of a large amount of a black opaque ingredient 
was recognized; grains of a sulphide with a sub-metallic lustre, 
duller along the margin, are very abundant; while others much smaller 
and very black were identified with chromite. The stony matter 
enclosing these substances is made up of two ingredients of different 
aspect : the one, of a red dish -yellow colour and very transparent, 
presents the flawed characters usually observed in the siliceous 
portion of meteoric rocks ; the other is of a darker hue and leas 
homogeneous. 

The materia] chosen for analysis, taken from the blackest, and 
consequently less altered portion of the meteorite, had the following 
composition : 

Nickel-iron 14-990 

Troilita 20-520 

Chromite „ 0-920 

Soluble silicate 38-688 

Insoluble silicate 24-640 

99-768 
The nickel-iron consists of: 

Iron = 90-93; Nickel = 9*07; Total •= 100-00. 
The troilite, constituting one-fifth of the stone, is present in larger 
quantity than in any meteorite previously investigated. The siliceous 
portions are composed as follow : 
MgO 



SiOj AljOj FeO 

A. SofaSfe 38-725 — 12-932 

B. Insoluble 65-719 1996 0-880 



0-233 



37-306 
The soluble portion consists chiefly of 
composition as that ooi-nvviiig in the met 
tusk, while the insoluble part appears to be 
enstatite, with perhaps a small amount of 
already alluded to. 

This stone fell at Molina and is preserved 



Na^O K a O Cnromite 

0-904 — — =100-000 

— trace 3599 =100000 

i olivine having the same 

"es of Tadjera and Ful- 

mostly pure magnesian 

the aluminous mineral 



i the Madrid Museum. 
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Found 1858. — Trenton, Washington Co., Wisconsin. 
[Lat 4S> 22' N. ; Long. 88° 8' W.] ' 

In the autumn of 1858 a farmer wliile working on his farm in Section 
33, Washington Co., struck his plough against some hard object 
about 10 inches below the surface ; it proved to be a mass of 
meteoric iron weighing 6211m. It appears that four pieces, two o£ 
which weighed 16 lbs. and 7| lbs., were found, in the years im- 
mediately following, within a circuit of two or three rods of the 
spot where the largest was discovered. Dr. L. Smith gives the 
weights of the masses: 62 lbs., lGlbs., 10 lbs., and 8 lbs., and the 
composition of the metal as written below (I.), side by side, with the 
results of an analysis by Bode (II.), which is incorporated ia 
Brenndecke's report on these meteorites presented by him to the 
Society of Natural History of Wisconsin: 

I. II. 

Iron 01-03 89-22 

Nickel 7-20 10-79 

Cobalt 0-63 trace 

Phosphorus „. 0-U 089 

Copper traefl — 

Insoluble residue 0-15 — 



Specific gravity 7'82 ... ... 7-327 

Bode states that the Widmannstilttian figures are developed with 
great distinctness. Dr. Smith arrived at the same result, and finds 
that the spaces between these figures, which have convex ends and 
sides, are darker in hue than they are. and exhibit striations, the 
lines being at right angles to tlio blinding surfaces; these forms he 
terms 'Laphamite markings.' When the space where they occra 
is nearly square the lines extend from each of the four sides ; in 
other cases they are parallel to the longer sides. He considers that 
these figures indicate "the axes of minute columnar crystals, which 
tend to assume a position at right angles to the surface of cooling." 
The author does not describe what phases these figures assume when 
the iron is cut in various directions. 



: 



1859, May — . — Beuste, Basses-Pyrenees. 5 

This meteorite lias recently been acquired for the Paris Collection. 
Two fragments, weighing respectively 1-40 and 0'42 kilog., were 
found about 70'' metres apart, the former having penetrated the soil 
to a depth of about 50 centim. The black crust has a thickness of 

J. L. Smith. Amcr. Jour. St., 1SG9, xlvii. 271. Mineralogy and Chomiitry, 

— F. Brenndecke. Anuu.,1 !;,■/,. S„iii/ I s l „ii,iu !»st. ).»- 1 Still, is.71, 417 J. A. 

Lupliam. Atarr. Jour. AY.. 1H72, iii. 6«- (Sra also Part I. puge 16.) 
" G. A. Daubree. Compi. rind., 1873, bum. 314. 
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0-4 to 05 mm., and tbe specific gravity of the stone is 3-53. It 
belongs to the class of which the Cliautounay meteorite (1S12, August 
6th) is a representative, and consists, it may be presumed, as it has 
not yet been analyzed, chiefly of olivine, bronzite, and labiadorite. 
The stone has a grey colour and a compact structure. The frac- 
tured surface is traversed in all directions by black veins which 
anastomose. 



1860, May 1st.— New Concord, near Zanesville, Guernsey Co. and 
Muskingum Co., Ohio. 1 

A note on the fall of these meteorites, copied from the Zanestille 
Courier, apparently contains wo new information beyond what has 
already been recorded in Buchuor's Die Meteoriten, 104. 



Found 1861. — Eittersgriin, near Schwarzenberg, Saxony. 

For a short description of the probable composition of this sidero- 
lite see tbe Breitenbach Meteorite. 



Found 1861. — Breitenbach, Bohemia. 1 

This remarkable siderolite was found in Bohemia, at a spot not 
■very far distant from the Saxon frontier or indeed from Eittersgriin, 
in Saxony, where a mass closely resembling it was almost contem- 
poraneously found. So far back as 1751 at Steinbacb, a village 
about midway between Breitenbach and Rittersgriin, a meteorite in 
all respects similar was discovered ; the three masses are so similar 
to one another and so dissimilar to any others preserved in collections 
that there can be little doubt that they belong to the same fall. In 
1825 Stromeyer examined a siderolite in which he found 61'8 per 
cent, of silica ; this also appears to have been a member of this 
shower of meteorites, believed by Breithaupt to have been the 
"Eisenregen" which occurred at Whitsuntide, 11G4, in Saxony, 
when a mass of iron fell near the town of Meissen. 

A polished surface of eithor of these masses exhibits irregularly 
formed patches of nickel-iron, the interspaces being partly filled 

« Amir. Jour. St., 1871, i. 309. 

' N. Story-Mnskelvne. Proc. Soval Soc. 1869, sii. 266.— V. von Lang. Sitzber. 
Ak. Win. Wien, 1869, lii, 848. Pugg. Ann. enxix. 315.-N". Storv- Mash-hue. 
Phil. Tram. 1871, olli. 359.— 0. void Rath, Zcit. Dull. <1«;1. Gwll. 'Merlin, lfs73, 
■XT. 106. Pugg. Ann. Erganz.-Bd. ri. 337. Jahib. Mineralogit, 1374, i. "" 



•with small palclies of iron sulphide, the greater portion of the 
sintin-e being occupied by a greenish and greyish -brown crystnllinB 
magma. After the removal of the two first-mentioned ingredient! 
with mercury chloride, the magma is Found to consist of (1) highly 
crystalline, bright green or greenish-yellow grains; (2) rusty-brawn, 
sometimes nearly black, sometimes also nearly colourless grains of 
a mineral presenting crystalline features, but on wbich definite 
planes are rare ; and (3) crystalline grains of chromite. 

The first of these ingredients is bronzite, the cry stall ografihic 
characters of which are described in (he paper of von Lang, who 
gives the results of measurements made on nine crystals ; these 
results art- mineralogically Important as affording for the firet time 
complete data for the crystal Iugrnphy of a rhombic mineral having 
the formula of enstatite. The elements of the crystal are : 

a : 4 : I - 0-87568 : 0-84960 : 1 
which give the following among the important angles by calculation: 

110,010 = 44° 8' 
101,100 = iV 11' 
011,010 = 40" IS* 

Von Lang observed the following faces : 

100, 010, 001, 011,064, 303, 101, 102, 103, 104, 410, 620, 210, 530, 1 10, 120, 
250, 130, 111, 121, 112, 122, 212, 133, 232, 124, 144, 324, 344, 624.' 

The most important zonal relations of these faces are shown in 
the spherical pi-i.-ji-ciioii appended to his paper. 

The hardness of this Mineral is (i and the specific gravity 3-238, 
a number diftV-ririj-; but slightly from tlnnsu dt'tiTiiiiiiod by Stromeyer 
and estimated by Kumler in the case of the silicates of the Steinback 
siderolite. The composition of the bronzite, as determined by analyse* 
made by the new method of distillation already alluded to (page 
118) and by fusion with alkaline carbonates, was found to be : 

I. II. Mian. Oxi/gm. 

Silicic acid 50-101 ... 56*002 ... 56-051 ... 29-89 

Magnesia 30215 ... 31-479 ,.. 30-847 ... 12-34 

Iron protoxide 13583 ... 13-295 ... 13-439 ... 2-97 

99-899 100-776 100-337 

These numbers correspond very closely with the formula (Mgt Fei.) 
SiO s . This bronzite, which occurs in association with nickel-iron, 
contains only half the amount of iron met with in the bronzite of 
the Manegaum meteorite (page 112), which stone contains nest to 
no nickel-iron. Eammelsberg* has recently pointed out the fact 

1 About the time ili.it Vmi ],:v,vj. jiuMMinl iliese rr--nli.- Voni K-itU ni'.-asnrcd sonif 
crvntolg of tmvMiini linm/.ite, l'uuiul in a ~ r i : i i ■ I i r 1 1 ■ Imnib frnm thu Liim-hersee, and 
1. 1 ■■■;:.! i ■■■ :■■.■■ .ii ;n turd vtrv i-uit-tiv wiili llmse uf Von Lang. (I'ogg. Ann 
oxxxrin. 529.) 

! C. Rammelsberj*. Pugg. Ana., oil. 311. R&nunelih :-rjr drawl attention to the 
reiniivkalilu uiTiiiiliiiu'e licluxri iln- ;ni-;l(-s hi" brmiyito urn: olivine, n liicli »ou!i 
eipliiiii tin.' fiiirt ni <'•- Itosn linrin<; regarded the siliofitis in the sidurolites of Rittflfi- 
irriin ami Steiubadi as olivine. (See nolo to page 87.) 
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t in Stromeyer's paper, already alluded to, the specific gravity of 
silicate is given = 3*27 ; and he shows that, although the mineral 
analysed by Stxomeyer contained uu decomposed silicate, or more 
probably asmanite, the ratio of Fe to Mg is the same as in the above 

By treating with hydrochloric acid the dark-coloured grains con- 
stituting the second ingredient of the meteorite and forming about 
one-third of the mass of the mixed silicates the iron staining them 

is removed, and they are left in a state of colourless purity. This 
mineral, to which Maskelyne lias given the name asmanite,' is silicic 
acid, possessing the specific gravity of quartz after fusion, and 
crystallising in forms belonging to the orlhorhombic system. The 
grains of asmanite are very minute and much rounded, and. although 
entirely crystalline, they very rarely present faces offering auy 
chance for a result with the goniometer ; from several thousand 
little grains comprised in some two grammes of material Maskelyne 
obtained a very few crystal* with siilnri>--iitly distinct eryst.-dIognipli.ic 
features to be available for measurement. He found the parametral 
ratios of asmanite to be : 

a : b : e = 1-7437 : 1 : 3-3120 
The angles, as calculated from these data and as found on seven 
different crystals, are as follow ■ 



100,403= 21 
101= 27 
102= 46 
103= 67 
001= SO 


33' 

39 
10 



27° 40' 
46 IS 

so" 


27°'48' 


21° 31' 
27 46 
46 31 
67 34 
SO 


27° 49* 27° 26' 
46 2 


ares' 

57 25 


27° 44 
57 35 


001,103= 32 
203= 61 


20 
42 


32 22 

61 32 
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101= 82 

100,010= HO 

110= 60 


14 
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62 17 


60 13 


62 14 
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110,110 = 120 

001,011= 73 

010= 90 

101,110= 63 


20 
12 

53 




120 23 


B0 
63 64 




120 10 




"110 = 116 

001,116= 32 

112= 62 

223= 68 


7 

21 

33 






116 7 
32 56 
62 21 
68 36 









( 648,001 = 63 62 



The cleavage-plane 001 has a vitreous lustre, that on the [dunes of 
the forms 100 and 101, as also of the rounded Burface in the zone 
with them, is usually resinous, recalling the lustre of opal. The 



the Sanscrit term, corresponding to the Greek &x/iur, (or the tfcumler- 
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faces of the octaid forms are almost invariably rounded. The 
optical characters confirm the measurements in showing asmanite to 
be rhombic, the optic axes being very distinct and widely separated ; 
their apparent angle, as measured in air, is 107° to 107° 30'. 

The hardness of this mineral is 5-5, and the specific gravity 2-245 ; 
according to Vom Bath 2-247. Of the following analyses, I. and 
II. are the original analyses given in Maskelyue's paper, HI, are 
the results of a recent analytical examination by Vom Hath : 



Iron oxide . 
Migneaia 



97-430 ... [99-210] . 



■790 ... trace 



It is not a little curious to find that in his Catalogue of the Vienna 
Collection Partsch 1 describes a specimen of the Steinbach meteorite 
as " native iron, jagged and hackly, with quartz in grains, and a 
yellow fluorspar." The detection by G. Eose of quartz in the oxi- 
dised crust of the Toluca iron is the only earlier instance recorded 
of the occurrence of free silica in a meteorite. The solvent action of 
an aqueous solution of sodium carbonate on asmanite and quartz in 
powder appears to be uniform. 

As regards tho relation in which the throe forms of crystallised 
silicio acid stand to each other in respect to the mode of their for- 
mation, Vom Bath remarks that while crystals of quartz have in 
most cases unquestionably separated from aqueous solution, and 
tridymite, as a characteristic mineral of the druses of volcanic rocks, 
appears to require the co-operation of vapour for its formation, we 
have probably in asmanite silicic acid crystallised from a molten 
mass which has become solid. Crystallised silica has not yet been 
produced by fusion ; when it is, it will probably have the characters 
of asmanite. 

The nickel-iron of this siderolite exhibits figures when etched, 
and consists of : 

I. II. Mean. Equivalent Eatiot. 

Iron. 89-976 ... 90-878 ... 90-426 ... 3-229 

Nickel 9-6*2 ... 8"927 ... 9-28* ... 0-314 

Cobalt 0-383 ... 0I9S ... 0290 ... 0-010 

Copper trace ... trace 

100000 100-000 100-000 

The above ratios differ but slightly from Fe : (Ni, Co) = 10 : 1. 
Rube's examination of the Bittersgriiu iron yielded very similar 
per-centage numbers. The chromite of this siderolite gives, angles 
corresponding to a regular octahedron. 



Die Meteoriten i 



'■i-Mi!L..r,iliou-Kabinette : 



Wieo. 






Found 1861 

n 



HISTORY OF METEORITES. 



1861. — G'ranbourne, near Melbourne, Australia. 
[Lat 38° 11' S. ; Long. 14S° 2ff R] l 

Tliis enormous block of meteoric iron, which is a familiar object 
to those frequenting the British Museum, is, with the exception of 
the recently found Ovifak ironB, pi*eserved at Stockholm and Copen- 
hagen, the largest meteorite contained in any collection. The 
minerals composing it have for some time past formed the subjeot 
of an investigation, and the results which I have obtained will shortly 
be published. It will suffice here to Btato that the Australian, like 
the Greenland irons, oxidises on exposure to moist air and scales off. 
These masses differ in this that the Ovifak iron yields a rusty-brown 
coarse powder, apparently without structure; while in the debris of 
the Australian iron, on the other hand, distinct crystals of nickel- 
iron are to he met with. Though partially converted into oxide 
and readily broken when handled, thoy attain after treatment with 
an excess of hydrogen at a red heat their prisim'.- stability. A num- 
ber of crystals of nickel-iron, apparently tuti-ahi'dra, Inrgo and very 
perfect, as well as plates of what may possibly tie beam-iron and 
which lie, though not immediately, upon them, were reduced by 
this method. Between these two forms lie excessively thin plates 
of an alloy of iron, much richer in nickel, and to the diminished 
action of an etching fluid on this more stable alloy I ascribe the 
development of such thin lines as are seen in the section of the 
Toluca iron (see Plate, page 93). The descriptions and analyses 
of these and other minerals will appear iu the memoir which is in 
course of preparation. I have now to refer the reader to Ton 
Haidinger's earlier notices 3 of the discovery of this block, based for 
the most part on a report supplied by Neumayer, at that time 
Director of the Flagstaff Observatory at Melbourne. Two masses 
of meteoric iron were discovered, and near the larger meteorite 
Neumayer found a brown ochrey mineral which he regarded as a 
portion of its oxidised crust. It had but feeble action on the magnet 
and did not fuse before the blowpipe, but turned black and became 
magnetic. The hardness is rather less than that of felspar, and the 
specific gravity = 3'744; the composition, according to a recently 
published analysis by Haushofer, is : 









i K. Hanshofer. Jour. Prakt. Chan., 1869, cvii. 330.— M. Berthulot. Ann. eim. 
ttphys. 1873, hi. 419. 

» TV. vpn Hsidinger. Sittber. Ak. Win. Wun, 18G1, xliii, 583; 
465; and 1862, xlv. 63. 
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The author suggests that wore or less rounded masses of niekel- 
iferous gothite or limonite having a similar origin may probably he 
met with in the older sedimentary rocks. 

In continuation of his valuable researches on the native and 
artificial varieties of carbon,' Berthelot examined a specimen of the 
graphite-like carbon, which I found among the fragments of metal 
detached from this iron. His object was to ascertain which variety 
of carbon it resembled, whether it should be classed with the 
graphite of pig-iron, native plumbago, the amorphous carbon obtained 
by treating carbides of iron or manganese with acid, the so-called 
artificial graphite of the gas-retorts which he had previously shown 
to be no true graphite, anthracite, or, lastly, the carbonaceous sub- 
stance found in the remarkable meteorite which fell at Orgued 
(1864, May 14th). 1 

The carbon of the Cranbourne meteorite was wanned with nitric 
acid to remove the iron sulphide, and then digested with fuming 
nitric acid and chlorate of potash. After two treatments with these 
powerful oxidising iigcnis. Hell helot obtained a greenish graphitic 
oxide, identical in every respect with the oxide obtained from the 
graphite of cast iron, and differing as entirely from the oxidised 
product which plumbago yields under like conditions. As this 
meteoric carbon resembles in all respects the variety of this element 
which has been dissolved in molten iron and separated from the 
solidified mass after very rapid cooling, Berthelot suggests that its 
formation and associiilion wilh the meteoric form of iron sulphide 1 
may he ascribed to the action of sulphide of carbon on incandescent 
iron, since the carbon of the last-mentioned sulphide by decom- 
position is also liberated in the graphitic form. The carbon of this 
meteoric iron owes its present foim to exposure to a very high 
temperature ; it cannot have been produced by the action of 
iron on carbonic oxide or from carbon once combined with the 
metal and liberated at ordinary temperatures by the solution of the 
iron in some reagent ; and is still further removed from the other 
variety of meteoric carbon occurring in the stone of Orgueil. The 
carbon of the Ovifak iron (see p«ge oil liiis likewise been examined 
by Berthelot, who finds it to differ so completely in its behaviour 
with oxidising reagents from the carbon of the Australian iron that 
he does not hesitate to pronounce the conditions under which these 
two forms of the element were produced to have been essentially 
distinct. 

1 M. Berthelot. Ann. de Ohim. et de Phytique, list 405. 

1 Wohler ami Clui /. havf I'miml that certain <>t (In- carlioniicpnuq meteorites con- 
tain compounds of carbon, livdrop-n. anil oxygen, iwmblinjr the last residues of 
organic Bubataiu.es of k-m-siml origin, Ity up|>lyinj} his method of hjdrogenation 
tn i In ■ -r.i.i ■■■;.■■■ :,- 1 1 .. 1 1 ; . -: i i '!,.■ i Irgnei] meti orite, ha succeeded in forming • 
notable quantity of n hvilrnr.arli'iT] of ilif h-iw (C;„ 11 5 „ + 5 ) ramp arable with the 
oils of petroleum. This new uiiuloiry between tin: i/urljoiiiii'ti-ns mutter of meteorites 
(tnd snbstiiiifp= of organic origin occurring iu the crust of our planet is of great 
interest. (Ctmipf. renrf., lsvii. 840.) 

1 Troilite lu large nodules is abunihsitly pnsfiit in tiiis niotrorlc ir 
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Fell 1862.— Victoria Wert, Cape Colony, S. Africa. 1 

This mass is of interest as belonging to the ■very small class of 
meteoric irons the fall of which was witnessed. It is stated to be 
shaped like a pear, the one end being smooth and rounded, the 
other anil smaller end being jagged in a manner which indicates 
lie probability of its having been detached from a larger meteorite. 

In 1870 the mass, which weighed 6£ lbs., was sawn in two by 
order of the authorities of the South African Museum at Cape Town, 
and the one half further divided for distribation. 

Tschermak has already shown that the meteorites of Iliinae (see 
page 19) and Jewell Hill (see pages 23 and 127) enclose lamelta 
of troilitc, which are situated parallel to the faces of the cube ; be 
now finds that this iron furnishes a third example of this structure. 
The section of the iron is not only traversed by fissures, which were 
evidently once filled with troilite and in many cases still enclose 
traces of that mineral, but perfect plates of the sulphide are like, 
wise observed. As in the former instances, the troilite lamellae lie 
parallel to the faces of the cube, and are enclosed in a shell of beam- 
iron (kamacite). The etched figures are very distinct, and nodules 
of granular troilite are also met with. 

Dr. L. Smith also directs attention to these fissures, and finds the 
figures developed by etching to be of that class where the lines are 
delicate and rtrsight, inclined at a considerable angle to each other, a 
form common in irons rich in schre iters! te. Tho latter mineral is 
diffused through the iron in masses with straight boundaries, $ in. to 
£ in. long, and ^ in. in breadth, also in much narrower and longer 
forms, as well as in others which are triangular and arrow-shaped. 

In a drawing accompanying his paper we have an interesting 
illustration of the specimen which he examined. In the centre of 
the section a cavity is seen, 1^ in. in the longest and 1 in. in tho 
shortest diameter, the interior of which is also coated with a layer 
of schreibersite T !gth in. thick ; the rest of this cavity is stated to be 
filled with pyrites. In his later paper, however, the nodule is said 
to consist of the monoBUlphide, troilite. In tho absence of the know- 
ledge of any test, whether with chemical reagentB or with the magnet, 
having been applied, it appears not improbable that some of the 
elongated enclosed masses described above as schreibersite may be 
the lamellas of sulphide which Tschermak observed. 

The specific gravity of this iron is 7-692, and the composition : 
MJ8; Phosphorus = 0-28; 



* G. Tschermak. Mineralogist/it Miltheiluiigtn, 1871, 109. — J L Smith 
Amtr. Joir. Sc, 1873, v. 107, and 1871, vii. 3U4. Compt. rend., 1873, kivi iiUl 
—See also G. B. Gregory. Geol. Mag. 1868, v. 631. 
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Found 1862— Howard Co., Indiana.' 



Thii mass of meteoric iron, which weighs 4 kilog. and hasaa 
irregular elongated oval form, was found in a bed of stiff clay about 
two feet below the surface. It is one of the class of irons which ire 
only slightly affected by atmospheric agency, freshly cut surfaces 
retaining their brightness perfectly. The specific gravity of the 
iron is 7 '821 and the composition : 

Iron = S702; Nickel ■ 

An etched surface does not give the slightest indication of Vvid- 
maiistattian figures ; their occurrence in short appears to be an excep- 
tion rather than the rule in the case of irons containing more than 
9 or 10 per cent, of nickel (see page 26). 

Dr. L. Smith expresses his belief that we shall not arrive at i 
satisfactory explanation of the formation of these figures until onr 
knowledge of the effect of the presence of a minute quantity of 
foreign substances in iron is better understood. He alludes to the 
power iron, containing one per cent, or even a less amount of phos- 
phorus, acquires of withstanding the action of acid, as evidenced to 
vessels used for parting gold and silver. During the crystallization 
of iron, as of other substances, " there is a tendency to eliminate 
foreign constituents to the exterior portion of the crystals " : after a 
blast- furnace, for example, has been chilled and the metal has slowly 

eissed from a plastic to a solid condition, the iron will be found 
rge crystals containing a very much smaller amount of carbon than 
is usually the case. If meteoric iron then be rapidly brought to tha 
solid state, we can conceive of such a diffusion of the phosphorus as 
would give no marked indications in any part of the mass ; by slow 
cooling, however, we might expect a more or less complete elimina- 
tion of the phosphorus in certain parts representing the spaces 
between the crystals of the mass. " The portions of the iron form- 
ing the limits of the crystals become more richly charged with phos- 
phoruB," the homogeneous character of the " iron" is destroyed, and 
this would reuder its different parts variously susceptible to the action 
of an etching fluid. 

The irons of Victoria West, South Africa (seepage 137), and Taze- 
well (page 122), which enclose nodules of troilite and scbreibersite, 
contain, the former only a trace of sulphur and 0'28 per cent, of phos- 
phorus, the latter O016 per cent, of phosphorus; and in the mass 
of the Arva iron, which is filled with layers of schreibersite, there 
remains only 0-019 per cent of phosphorus. The geologist and 
the mineralogist have noticed such a segregation in a vast number 
of instances. 



1 l.h. Smith. Gw»jj(. mirf., I873,bu«i. 1183.— Am 



; St., 1874, rii. 3! 
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1863, March 16th.— Pnbwra, N.E. of Etrtlam, Indore, Central 

India.' 

The -village of Pulsora, where the foil of these meteorites took 
place (luring the afternoon of the above day, is six miles N.E. of 
Butlam. One, the largest, struck the roof of a house, a second fell 
near a well, and the third in a nulla; they lay within 200 yards of 
each other. The stones came in a direction from W. to E., and the 
noise attending their fall was heard three miles distant. 

In his descriptive catalogue of the meteorites in the Vienna Col- 
lection, which is dated 1st October. 1-Tl'. 'lWhexmak describes the 
■tone as chondritic. and as consisting of olivine and bronzite with 
nickel-iron. It occupies a place between those marked C ip (white 
rock without spherules) and C g (grey rock with light-coloured 
spherules). The letters Ci b, affixed to it in the catalogue, denote 
that it has a brecciated structure, like the meteorites of Dacca and 
Bt. Mesmin. 



1863, June 11th.— TarrangoUe, 8.E. of Gondokoro, Africa. 1 
[lat. 4° 31' N. ; Long. 32° 5<K E.] 

In Sir Samuel Baker's work it is stated that on the above day 
(7 - 20 a.m.) a curious phenomenon was noticed. "The sky was per- 
fectly clear, but we were startled by a noise like the sudden explosion 
of a mine or the roar of heavy cannon almost immediately repeated. 
It appeared to have originated among the mountains (the Madi 
Mountains?), about sixteen miles due south of my camp. I could 
only account for this occurrence by the supposition that an immense 
maBB of the granite rock might have detached itself from a high 
mountain, and, in falling into the valley, it might have bounded 
from a projection on the mountain's side, and thus have caused a 
double report." It seems not improbable, as has been suggested, 
that the explosion may have been caused by the disruption of an 
aerolite." 



[ 1863.]— South-Eastern Missouri.' 

Shepard describes a small mass of meteoric iron originally weigh- 
ing about 12 oz. which was found by Prof. Shumard in 1863 in the 
collection of the old Western Academy of Sciences of St. Louis ; 

"inger. Sitebn-. Ak. Wins. Wien, 1889, lb. 228.— G. TachannakL. 
ittheilmtgen, 1872, 165. 

ireat Basin of the Nile and Expbmtimt of tho Nile 
London : Maemilian. 1866. Vol. i. 369. 
» Zn ifo-irfrj, 1870, nii. 686. 

» C. U. Shepard. Amir. Jour. St., 1869, iliii. 233. In the catalogue of the 
Vienna Collection this iron bears the data 1861. 
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tho only locality given on the label is " S. E. Missouri." Shepard 
finite it to resembie most closely the irons of Arva and Cocke Co. 
The specific gravity is 7-015— 7-112. The metal encloses so large 
a quantity of schreibersite that after prolonged treatment with. acid. 
that mineral projects in thick lamiuse from tlie surface, as mica does 
from coarse-grained weathered granite. The intermediate areas are 
not traversed with the delicate lines of the same substance (?) as 
in the case of other irons. The meteorite has the following com- 
position : 



2*60-1 ; Schreibersite = 5 



, magnesium, carbon 



Found 1864.— Wairarapa Valley, Province of Wellington, New 

Zealand. 



I have to thank Dr. Hector, F.E.S., Director of the ( 
Survey of New Zealand, for a short account of tha only meteorite 
which has yet been found in that colony, and which is preserved in 
the Colonial Museum at Wellington. It is in tho form of an irregular 
six-sided pyramid, 7 inches high and 6 inches across the base ; the 
edges are rounded, and the sides slightly convex and indented with 
shallow pits. The capacity of the stone is 49 cubic inches, the 
weight 480 oz., and the specific gravity 3-254; the hardness 5-6. 
It is strongly magnetic, but exhibits no decided polarity. The surface 
is of a light rusty brown colour, and is stained with exudations of 
iron chloride and sulphate. A freshly fractured surface is dark 
grey, mottled with bright metal-like particles of what may be iron 
mono sulphide. By treatment with copper sulphate, the presence of 
iron in the form of metal was determined ; with hydrochloric acid 
sulphuretted hydrogen was evolved, sulphur set free, and a large 
quantity of gelatinous silicic acid separated. The insoluble portion 
consisting of silica and insoluble silicates constituted 56-0 per cent, 
of the stone. In tho soluble portion the predominating ingredients 
were iron, amounting to 24-01 per cent, and magnesia along with 
nickel, manganese and soda; alumina and chromium are not present 
These reactions so far indicate in the New Zealand meteorite the 
presence of olivine and an insoluble silicate, in addition to nickel- 
iron and what may be troilito or magnetic pyrites. A short notice 
of this stone is to be found in tho Appendix A to the Jurors' Eeport 
of the New Zealand Exhibition of 1865, p. 410. Von Haidinger 
alludes to tho circumstances attending the fall of a meteorite of this 
date (Sitzber. Ak. Wiss. Wien, Hi. 151). 



Jnte ot this 





1865, Hay 2 

In his piper commmucated to taw Ti 
given the history erf taw Ml at this Mm 
that its descent was TmwIraArf hj taw 
accompanies the descent of a i fill 
views are given 
when laid on i 
pezoidal boundary, the 
and striped markings. The front terrace «W J i m ti t iit ] is covered 
with a tbin feebly lustroos crest which i* finely striped and chan- 
nelled j the channels hare a radiate arrangement and co nverge to a 

point near which is a small deep pit. while not fin- 1 Pin T ban it 

is another deeper-lying hollow; all the pit-like dg|a-«rinsw are 
elongated, the extension being the not* marked the shallower they 
become and the further they lie bom the- point of radiation. It will 
be evident from this that during the transit of the Meteorite through 
the atmosphere this point was in front. (See the Tocbob iron, page 
121.) The heat generated by the compression of the air melts the 
surface of the stone, and the attrition of particles of air with the 
more porous portion of the front surface forms the depressions 
radiating from the foremost point ; the fused drops as fast as formed 
are driven off by the opposing air and give rise to the fine radiated 
texture of the crust. The hinder surface has very different characters : 
it consists of two almost flat faces meeting nearly at right angles 
and forming sharp edges with the front surface. Along this edge 
the very distinctive crust of the front surface slightly overlaps the 
hinder portion, terminating in a well-defined and sometimes fringed 
border. Here the crust is verrucose, most of the granules consist- 
ing of fused matter, many enclosing unaltered grains of the meteorite; 
few follow (he radiated arrangement observed in the former case. 

As regards the structure of the stone of Gupaljiur it closely re- 
sembles, in the diminutive size of its chomlrii, the meteorites of Pegu 
and Utrecht. They are of three kinds : 1). The most striking have 
a brownish-grey hue and fibrous fracture, their optical principal 
sections being parallel and perpendicular to the direction of the 
fibres; these appear to be bronzite; 2). The next have a radiate 
structure, and are built up of larger bar-like t ran spa rent crystals, 
which in one spherule were observed to radiate from two centres ; 
these are not improbably a felspar ; and 3). The last kind of chondra 
consist of a granular fissured mineral which appears to be olivine. 

The spherules have the same composition as their matrix, bronzite, 
olivine, nickel-iron and magnetic pyrites forming the predominating 
constituents in each case. While the chondra, met with in terrestrial 
rocks, in perlite, obsidian, pitchst.oue, in ninny diorit.os, are radiate- 
fibrous, those occurring in meteorites are but rarely so, and in thoso 

1 G. T.chennak. Sitzier. Akai. Win. Witn, 1872, liv. 13fi. Miaitahgieeht 
Uitthtilung:*, 1872, 95.— A. Erasr. Mintralnyiirhc MltthtUmfM, 1872, 11. 
* iV«. Altai. Sot. Bengal, 186u, 91. 
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cases the arrangement of the fibres within the spherule is eicentnc. 
Moreover, white the meteoric chondra, oh already stated, consist of 
the name ingredients as the matrix, and often differ from it only in 
being more coarsely granular, the chondra of terrestrial rocks are 
shown hy the microscope to be differently constituted from the 
matrix. TBcheramk is of opinion that in the case of the meteorilw 
■olid masses have been reduced to powder by mutual attrition, the 
tougher particles withstanding the action becoming rounded, and 
that dust and spherules have undergone subsequent segregation. 
The stone of Gopalpur consists, according to Exner's analysis, of: 



10-75 



100-00 

The nickel-iron has the following composition : 

Iron = 90*37 ; Nickel = 8-11 ; Cobalt = 052. Total 100-00. 
and the portions separated by acid : 

SiO, Al,Oj FeO MnO CaO MgO K a O NajO 

A. Soluble 38-31 0-54 25-72 — 0-72 34-71 — — = 100-M 

B. ItualutU... 57-95 fi*l» 10*03 057 304 21-42 9-45 1-35 = 100-00 

This, it will be seen, is one of the few meteorites containing i 
variety of felspar, which in this instance amounts to more than 10 
per cent. Tschermak was unable to determine by an. examination 
of microscopic sections whether it was oligoclase. 



1865, August 26th. — Slierghotty, near Gya, Berar, India. 1 

The earliest notice of this stone appears in the Proceedings of tit 
Atiatic Society of Bengal. 1 It fell near Shergliotty at 9 a.m. on the 
day mentioned ; the weather was calm and the sky overcast, when 
a loud report was heard and the stone penotrated the soil to the 
depth of about two feet. When exhumed it was found to be broken 
in to two pieces. 

According to Lumpe's analysis, given below, this meteorite con- 
sists almost exclusively of silicates, only a trace of metallic iron 

1 E. I.umpe. Mintralogiiche Mitthiilungen, 1871, 65. — G. Tficliennak, Mineral- 
ogisehe Mittheilungm, 1871,60; and 1872. 87; Silsber. Ak. Win. Wien, 1872, lit. 
122; Jahrhueh fur Minerategie, 1872,733.— See alao F.Crook. On the Chemical 
Constitution of tho Ennisheiro, Mauerkirchen, Skergbottj, and Muddoor Stonet. 
(lnaug,- II insert.) 1868. Giittingcn : E. A. Huth. 

1 Free. Mial. Soc. Bengal, 1805, 183. 
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and a very small amount of sulphi 
contains : 

Silicic acid 

Alumina 

Iron protoiide 

Magnesia 



■ having been met with. It 



These results show that the Sherghotty stone belongs to the class 
including the meteorites of Stannorn, Juvinae, and Jonzac. The 
atone examined by Crook in Wohler's laboratory contained more 
than nine per cent, of nickel-iron and very little lime, from which 
it is apparent that what Oook held to be the meteorite of Sherghotty 
is a specimen of another fall. 

More recently thin meteorite- Ikip been submitted 1 to a very complete 
investigation by Tschermak. He finds a fractured surface to be 
distinctly granular ; the grains are of nearly equal magnitude, and 
among them the eye readily distinguishes two minerals : one of a 
light brown colour and with very distinct cleavage, the other trans- 
parent and witli a strong vitreous bistre. Further microscopic and 
chemical examination revealed the presence of three more ingre- 
dients : a yellow silicate rarely met with and forming grains, OT mm. 
across, which exhibit doubly refractive power and appear to crystal- 
lise in the rhombic system ; they are probably bronzite. Magnetite 
and magnetic pyrites were likewise present 

An augitic mineral, the one above alluded to, forms the chief mass 
of the stone; it has a greyish-brown colour, and exhibits double 
refraction with slight pleochroism. The cleavage and optical cha- 
racters suggest its classification with diopside. The analytical re- 
sults given below, however, show that it cannot be regarded as a 
member of the augite group : 

Silicic acid 52-3* 

Alumina 0-25 

Iron protoiide 2319 

Magnesia H-29 

Lime 10-49 



These numbers accord with the formula : 

CaO, 2 MgO, 2 FeO, o SiO,. 
A mixture of hypersthene and hedenbergite, the former greatly 
preponderating, possesses such a composition. Tschermak finds, 
however, that the silicate cannot be thus constituted, and he con- 
siders this augitic constituent of the Sherghotty meteorite to be a 
chemical compound which has not yet been discovered in our terres- 
trial rocks. 

The second constituent of this stone occurs more rarely in 
transparent colourless granules with vitreous lustre and conchoidal 
fracture; they proved to be distorted octahedra. " Maskelynite," as 



Tschennak has named this mineral, does not doubly refract light, 
and agrees in point of composition with no known cubic mineral, 
apprn.icliiiig nearest to a labradorite from Labrador examined some 
time since by Tschermak. This silicate has the specific gravity 
2-65 and the following composition : 



In comparing maskelynite with labradorite, or suggesting a pos- 
sible dimorphism of labradorite, the one form triclinic, the other 
cubic, the fact must not be lost sight of tbat labradorite already re- 
presents a mixture of two silicates, auorthite and albite, which eul>- 
stanees, it will have to be assumed, are dimorphous and occur an a 
mixture in the cubic form. The action of acid on niaskelyiiite 
pointed to its composite nature, to the possibility of its consisting of 
im aluminous silicate containing soda which is less readily acted 
upon than another aluminous silicate containing lime. 

Tschermak represents the Sherghotty meteorite as made up of; 
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Magnetite. 
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Silicic acid .. 


98-21 


12-63 




50-89 


60-21 


Alumina ... .. 


o-ia 
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5-97 
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Iron protoxide 
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10-25 
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Soda ... . 




1-14 




114 


1-28 


Potash ... . 




0-29 




0-29 


0-67 


Magnetite 








4-50 


4*50 


4-o7 




73-40 


22-50 


4 50 


100-40 


100-63 


Specific gravity 


.. 3-463 


2-65 


6-0 


3-265 


3-277 



While the Sherghotty stone by its peculiar constitution defies in » 
way proper classification, it, finds a place among tho Bmall group of 
eukritic meteorites, and resembles most closely that of Petersburg 
(1855, AuguBt 5th). 



Fell 1865.— Wisconsin.' 

At the meeting of the American Association for the Advancement 
of Science, held at Detroit in 1875, Dr. L. Smith communicated a 
notice of an undescribed meteorite which fell in Wisconsin during 
The details of this paper have not yet reached me. 



r.Jeur. Si., 1875, i. 314. 






-Knyahiaya, near Nagy-Berczna, Unghvar, 
Hungary. 1 



11866, J, 
Shortly after this remarkal .de shower of meteorites had taken place 
d very full reports on the occurrence were drawn up by von 
■^laidinger. It is computed that over a very limited area more than 
a. thousand stones, weighing in all from 8 to 10 cwt., must havo 
fallen. The largest, found is now preserved in the Vienna Collee- 
"fcion ; it weighs 293-3 kilog. {5 cwt. 3 qrs. 3 lbs.), and measures 2 ft. 
4= in. long and 18 in. broad, and penetrated the ground to a depth of 
lift. For drawings of this enormous block, the largest mass of 
*»eteoric stone preserved in any collection, and coloured representa- 
tions of the meteor which was observed at the time of ita descent, 
"tie reader is referred to von Haidinger's two memoirs. 

Kenngott has published the results of a microscopic investigation 
Of tbin sections of a fragment of this 1 meteorite, illustrated with 
eight drawings indicating peculiarities of structure. To the naked 
eye the section appeal's to be finely granular and of a grey tint, and 
even with a very moderate power is seen to present spherular 
structure, recalling, if relative size be left out of consideration, that 
of the globular diorite of Corsica. Tho opaque ingredients are 
nickel-iron, troilite, and a black substance; in addition to those 
»re two crystalline mineral species, the one colourless and trans- 
parent and somewhat fissured, the other grey and translucent and 
presenting an appearance of lamellar structure; both appear in 
angular and rounded granules, and both are bi- refractive ; they are 
differently aftVc.tcd by hydrochloric acid, and from other difference 
in their Crystalline elm meters it may be inferred that the grey 
silicate is enstatite, the colourless silicate is olivine. It is hardly 
possible to give the reader in a small compass an idea of Kenngott's 
detailed description of tho various granules ; the grey mineral ho 
observed to constitute several of tho round or rounded granules, and 
in most of the specimens there was clear evidence that the two 
silicates had crystallized simultaneously ; in one instance an alter- 
nation of the two minerals in one and the same granule, as it occurs 
in globular diorite, ia remarked, tlie interior consisting of the 
grey mineral, finely striated and surrounded with black opaque 
substance, around which again is a granular aggregation of the 
transparent fissured silicate, locally interspersed with particles of 
the black opaque substance and of nickel-iron. 

Fragments heated before the blowpipe become covered ' 
black enamel, while the grey powder of the meteorite, when 
moistened with distilled water, reacts distinctly, sometimes 
tensely, on turmeric paper. Tho specific gravity of this stone is 
3-515. 

1 A. Kenngott. Bitt&tr. At. Win. Wie», 1889, lis. 873. Phil. Mag., 1869, 
iiiiii. 4-21.— J. V. Si'liiiijiiirt'lli. EiiU-iu-fi inn- n.-lrniiiniii-i'lifi] Theoria der Stern- 
lie liniippen. 1871. Stettin: Xnlimer. l':i-c 2!'T. — V. . TI. v..i: limanhaner. Anhivet 
Nai-hiHiai*,-*. 1H7-2, -vii. l-ltl—See iilf.) W. v<m tl ^linger. W/sier. Ak. Witt. 
Witn, liv, 200 and 513.— G. Hose. Mtmattbcr. Ak. Wist. Bortin, lira. 203. 
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It was not till after a lapse of six years from the date of this 
abundant aerolitic fall that a specimen was submitted to careful 
chemical analysis. Von Baumhauer, by whom it was undertaken, 
finds the Enyahinya meteorite to have the following composition :— 



Nickel-iron 


... 


... 


••• 


••• 


.*• 


••• 


... 


♦50 


Troilite ... 


• • • 


... 


... 


... 


... 


.». 


• •• 


2-2 


Chromite... 


... 


... 


• • • 


... 


... 


••• 


• •• 


08 


Olivine ... 


... 


... 


... 


••• 


• • • 


■ a. 


• •• 


39-9 


Insoluble silicate 


•*. 


••• 


• • • 


... 


• • • 


*•* 


♦521 



1000 

The nickel-iron contains : 

Iron = 79-94 ; Nickel = 20*06. Total - 100-00 

The silicates, separated by the action of acid and sodium carbonate, 
consist of: 

Si0 2 A1 2 3 FeO 1 MgO CaO K 2 NaaO 

A. Soluble 37*16 0-27 26-54 30-18 2*43 2-14 1-28 = 100-00 

B. Insoluble... 5635 5-93 11-22 19-58 3-97 Ml 1*84 = 100*00 

The soluble portion is olivine, having the composition 
(Mgf FeJ), Si0 4 ; it is identical with that which, according 
to Damour's analysis, constitutes the meteorite of Chassigny 
(1815, October 3rd), and occurs as one of the ingredients of 
so many meteorites. In the insoluble portion the ratio of the 
oxygen of the silicic acid to that of the total bases is 2 : 1. 
Von Baumhauer points to a resemblance between these in- 
gredients and those forming the insoluble portion of the 
meteorites of Chantonnay, Seres, and Blansko, analysed by Ber- 
zelius, as well as that of the Utrecht stone, which he himself 
examined. He considered it (the insoluble part) to be in that case 
a mixture of albite and augite ; Bammelsberg, on the other hand, 
held that it consisted either of labradorite and hornblende, oi 
oligoclase and augite ; a considerable proportion may be bronzite. 

On the last page of Boguslawski's translation of Schiaparelli's 
Note e Riflessioni sulla teoria astronomica delle Stelle cadenti is an 
interesting mathematical demonstration that the meteorites of Kny* 
hinya and Pultusk (1868, January 30th) cannot have come firon 
the same part of space. 

1 "With traces of manganese protoxide. 
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1866, Becember 6th, 10.30 a.m.— Elgueraa, Bistrict 
Onis, Province Oviedo, Asturias, Spain. ' 

In Mounter's interesting paper a drawing is given of this c 
stone, which he selects as one exhibiting peculiarities of brecciated 
structure and the relation of meteoric racks to each other as regards 
Btratifi cation. The stone contains abundance of fragments of a white 
ingredient enclosed in a darker material : the white portions he finds 
to be identical with the rock forming the meteorite of Montrejeau 
(1858, December Otii). while the duller substance, cementing them 
together, is the same as that constituting the stone which fell at 
Adare, in Ireland (1813, September 10th). He terms these two 
rock varieties : montros-ite and limi.'riekite. Meunier gives November 
30th as the date of tho fall of this meteorite. 



Found 1866.— Frankfort, Franklin Co., Kentucky. [Lat. 38° 14' N. ; 
Long. 80 J 40' W.] ' 

This block of meteoric iron, which was found on a hill 8 miles 
S.W. of Frankfort, was convoyed to a blacksmith's forge in that 
town, in order to test its quality as iron. It weighs 24 lbs., has a 
somewhat globular form and a highly crystalline structure. The 
specific gravity of this iron is 7'G92 and the composition : 



Found 1866.— Sierra de Beesa, near Santiago, Chili. 1 

Meunier has studied the two fragments of this iron preserved in 
the Paris Collection, and finds it to possess characters of which a 
superficial view of tho exterior gives no indication. It appears to 
resemble an ordinary meteoric iron, but when sawn through it is 
found to enclose siliceous fragments, black in colour, markedly 
angular, and varying in size from a few millimetres to two centi- 
metres ; in these in some cases lie embedded grains of nickel-iron 
and spherular particles of troilite. Troilite, as well as occasionally 
little pieces of schroibersite, are also observed in the metallic portion. 
According to Pomeyko this iron consists of: 

1 J. K. Luanco. jinn. ,%>c. E'jum. Hist. Sal., in. p. 64.— F. Rilmer. Jahrburh 
fir Minerakgie, 1873, '!;•',.— ^. Muuniiv, ]„■< ]'iici-.H ijiii ti.mUiiit (lu Ciel. Zo 
Xatuie, 1873, i. 403. 

* J. L. Smith. Avar. Jour. St., 1870, llix. 331. 

3 3. Meunier. Cumnn,i, ism), vii. (\.;-\ IPS, .i.j-2, S70 and (if 2. SitiSi 
Win. Jf'itn, 1870, Ixi -Hi. l.a Sntnre, 1873, i. 405.— \V. vim IlmJinger. SiUher. 
Ak. Win. Wien, 1870, hi. 39.— See aUo G. A. Diiiitjrcu. Comjil. rviiit., 1808, lsri. 
671. 
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Meunier found in one specimen l - 7 per cent, of silicate. The 
siliceous portion is distributed sparsely and so irregularly throughout 
the mass that it is impossible to judge with any accuracy of the 
composition of the meteorite en bloc. 

A portion of the siliceous ingredient from which a great part of 
the metal had been detached had the composition : 






Nickel-iron 12'62 

Troilitc(?) 6-01 

Chroniitt. Kfenibsnite anil graphite,., traces 

Soluble silicate 40'82 

Insoluble silicate 41-65 

10000 
Dorneyko found the nickel-iron and Bchreibersite to consist of: 

; Phosphorus = 870 = 

The density of the iron = 7 '51 ; it does not show Widmannstiifti a 
figures when elclied, although small plates enclosed in the alloy de- 
velops a pattern. The numbers yielded by the analysis of the pho§- 
phide correspond approximately with the formula Fe 8 Nij P r 

Meunier adopted a novel means for analysing the nickel-iron : he 
reduced it to fine particles with a hard file, and fused them with 
caustic potash in a silver crucible ; in this way the snlphi 
phosphorus of the troilite and schreibersite are rendered soluble and 
removed with water. To ensure a perfectly pure condition of tie 
metal it is treated with fuming nitric acid, and is then dried and 
luMt'-d cautiously in a current '.>!' air ; when the requisite temperature 
is reached the particles change colour ; those acquiring a blue tint 
are kamacite, Fe l( Ni, and those a yellow are tiinite, Fe„ Ni. In the 
ca.se of the Deesa iron nearly all the particles turned bine, a yellow 
grain being observed here and there. Meunier finds the composition 
of the nickel-iron, iron sulphide and schreibersite to be : 

I. Iron = 9t'4; Nickel = 7-2 = 98-6. 

II. Iron and Xii'kd = .is; Sulphur (enlnilnted) = 42 = 100. 
III. Iron = 60-00; Nickel = 26-76 ; Phosphorus = 10'29 = 9704. 
I. agrees with Domeyko's analysis as regards the iron ; IL, a veiy 
imperfect analysis, accords rather with the formula of pynhotiB 
than troilite; and III. diners considerably from the numbers 
sponding with the accepted formula of schreibersite. 
The composition of the portions separated with acid is : 
SiO, AljOa FcjOj FeO MgO Cat) Na,0 

A. Soluble ... 44-13 trace — 13-52 42'35 — trace = 100- 

B. Insoluble ... 4B'98 5'46 0"JS 1079 23-31 3-18 trace = 100- 

In the soluble part the oxygen ratios are approximately those ol 
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olivine, in the insoluble part those of pyroxene. Wliile the pre- 
sence of olivine could not be detected in the mass by any crystalline 
features, in tiie insoluble part tbree minerals were recognised. The 
most apparent has a blackish-brown colour, lamellated structure and 



a specific gravity 


S'35. The oompositi 

Silii.-ic lie: id 

Alumina 

Iron prutiixide 

11 u^iitsiii 


n was found to be 
... 61-61 
... 7-36 
... 24-54 
... 1Q'05 








10324 






The second is 
constitution : 


white and granular, 

Silii'ii.' ML'iii 

Magnesia 


and possesses 

... 55-76 
... 41-85 


the 


following 



and closely accords in composition with one of the three (III.) 
varieties of enstatite met with in the Eusti meteorite (see page 121). 
A third mineral, to which Mennier has given the name of vicforite, 
resembles hypersthene, occurs in colourless ami transparent crystals 
in a geode of 5 mm. diameter : tli.-y form HiK-sidud prisms terminated 
with four-sided pyramids. Through some fragments very small 
opaque black grains are disseminated, with here and there the cavi- 
ties and rounded enclosures first observed by Sorby. The prisms 
are grouped ia a remarkable way. This mineral, which is present 
in so small a quantity that none of it could be sacrificed for analysis, 
has been declared by T)es Cloiseaux from the following i 
ments to be enstatite : 

g'n = 134' 3' to 134° 20'. 

g 1 h 1 = 90° 40'. 



ml 1 = 137° 20. 

mm 1 over h 1 = 93° 0* to 93° 40'. 

h'm (left) = 130° 25'; and 135° 40' (P). 

g'm = 134° 0'; and 134° 40. 

nrrn'owgi = 88' W. 
Meunier finds this meteorite to be identical, as 
with that which fell at Tadjera, Dear Setif, Algiei 
in which also he recognised the presence of this 
(See page 151.) 



<rarils composition, 
(1867, June 9th), 
ariety of enstatite. 



1867, Jan. 19th.— Saonlod, 3 Miles N. of Khettree, Shekawattie, 
Kajputana, India. [Lat. 28" 9' 45" N. ; Long. 75° 51' 20" E.] ' 

A shower of stones, numbering about forty, fell near the village 
of Saonlod on the above day, at 9 a.m. The morning was bright 
and clear, and no clouds were to he seen, when a loud report, resem- 

. Waldie. later. Asiat, So*. Jitwal, 1869, iniia. 252.—Secor4i Gtol. 
y India, 1870, ii. 101 ; 1870, iii. 10. 
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bling that of a cannon, was heard over an area many miles in length 
auil breadth, and was succeeded by two louder reports and followed 
in turn by "a regular roll, resembling musketry heard at a short dis- 
tance." The terrified inhabitants of the village where the stones fell 
seeing in them the instruments of vengeance of an offended deity, 
set about gathering all they could find, and, having pounded them to 
powder, scattered them to the winds. A gentleman connected with 
the Topographical Survey, who happened at the time to be a few 
niilos distant from Saonlod, states that he sent all the sowars attached 
to his camp to scour the country, with the intention of procuringas 
many of the stones as possible. He adds : " I was very nearly too 
late, as, lietwecn them all, they only managed to get the piece I sent, 
.... and that under promise of a large reward." According to 
the description, given by the more respectable class of natives, some 
of the meteorites were of the size of a :M -pounder shot, and had i 
blackish appearance on the outside; they fell with such velocity 
that they sank two or three feet into the ground in a sandy soil. 

The crust of the stone is nearly black, oellular on the surfaceand 
corrugated somewhat longitudinally, and is about one-third of 1 
millimetre in thickness. Tho interior has a light bluish -grey colour 
in some parts, and a much darker grey in others ; the two portions 
lie side by side like two strata in some places, while in others a 
nodule of the one is seen to be enclosed in the other. The freshly 
fractured surface is Rtudded with metallic particles of nickel-iron, 
and exhibits translucent granules of a greenish, yellow, which. an 
probably olivine. Siliceous spherules, as well as cavities once occu- 
pied by them, are also observed, and when the mineral is finely 
pijwdcred ami examined under wafer with a lens, the lighter portion 
of the stone exhibits a considerable quaiitity of nearly white crys- 
talline particles, mixed with small angular fragments of black, 
brownish, greenish yellow, and o|>;i<|HG minerals, as well as roundel 
particles of nickel-iron ; the dark-grey portion has very much the 
same appearance. 

The meteorite is not very hard ; the specific gravity of some small 
pieces of the light-coloured portion was 3-743. of the dark-coloured 
variety M'C 12, while analysis showed it to consist of : 

Nickel-iron lBfiS 

Tryilitc and schrcibcrsite 6-22 

Soluble silicate 35-18 

Insoluble silicate 42-36 



The metallic portion contains : 
Iron = 91-S4 ; Nickel = 679; Cobalt = 1-15 ; Chromium = 0-52. Total = 100M. 

Tho sulphide and phosphido arc assumed by the author to con- 
sist of : 

Iron = 61 '84; Sulphnr = 3371; and Iron = 1246; Phosphorus = 2-29. 
Total - 10000. 

He regards the iron sulphide " as Fe 7 S„, troilite," a view -which is 
hardly tenable in face of the fact that Dr. L. Smith and Ramntel* 
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berg, who have analysed the nodules of the mineral, which occur in 

the meteorites of Knoxville, Seelisgen and Cooke Co., Tennessee, 

have shown it to be a monosulphide. Again, no schreibersite has 

I yet been met with which does not contain a very considerable per- 

= centage of nickel, the whole of which metal the author takes lo be 

--. present in the metallic ingredient. 

The siliceous portions separated by treatment with acid and sodium 
carbonate have the following composition : 

SiO s AljOsCrjOa FeO MgO CaO N%0 X' 

A. Soluble ... 30*50 1-17 — 21*35 39-11 1-98 0-26 5*G8 = 10000 

B. Insoluble ... 67-67 3-22 0-95 8*62 23*70 4*00 1-84* — - 100-00 

While the soluble portion appears to be chiefly olivine, that which 
resisted the action of acid may be taken to be bronzite, together with 
some percentage of a felspathic ingredient, possibly labradorite. 

The Ehettree meteorite, in point of composition, resembles (hat 
which fell at Klein- Wen den, near Nordhausen, Prussia (1843, Sep- 
tember 16th). 

1867, June 9th.— Tadjera (Amer Guebala), near Guidjell, Se"tif, 
Province of Constantine, Algiers. 3 

A meteor was seen to traverse the sky over this district, and 
two stones, weighing 5-76 and 1*70 kilog., fell near SOtif at about 
10.30 r.ji. The siliceous portion of the stone has a black colour 
which distinguishes it from most meteorites, and it is further re- 
markable for the absence of the usual fused crust. It has a specific 
gravity of 3-595 and the following composition : 

Nickel-iron 8-32 

Troilite 8-04 

Chromite 0*20 

Soluble silicate 64-64 

Insolublu silicate 28-80 

100-00 
The nickel-iron consists of: 

Iron = 91-6; Nickel = 8*4. Total = 100*0. 
and the siliceous portions separated with acid and sodium carbonate : 
SiO, AljOj Cr 2 3 FeO M-jO CaO Na 2 

A. Soluble ... 45*24 0-81 — 11-17 42-78 — trace = 100-00 

B. Insoluble ... 60-21 4-16 0*41 2799 803 921 trace m 100*00 
ie soluble portion the silicic acid is in excess of that required to 

olivine, in the insoluble part of that required to form bronzite; 
the latter case a portion of the acid is probably present as a con- 
stituent of a felspar. 

1 Constituent!: ri-miivi ,1 iviHi t.'hliiim dirlii'iiiiti?, hut undetermined. 

1 With truce of potash. 

3 S. Marnier. These presentee h In l'':ii- nl t.ij 'Ic- Sc-iVit-cs di; I'm-is, 18G9. Jle- 

ehtrchrs tar hi Comji-Mtiw ,-t la Strwture den M-iem-itrs, 13. (,'ompl. rend., 1871, 

buii. 33B. Cosmos, Mun-U 2SUi, IhUii, 7. — Sit ill". Aii-riTund. <:„mpl. rend., 1867, 

]xv. 240.— G. A. Dauuree. Compt. rend., 1808, Levi. 6H. Cosmos, March 2 lit, 
1868, 25. 
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1868, February 29th.— Villanova di Caaale Monferrato, Province 
of Alessandria, and Motta dei Conti, Province of Novara, 
Italy.' 

The village of Villanova lies on the left bank of the To, 5 kilo- 
metres N.E. of Casale Monferrato and 2 kilometres from the village 
of Motta dei Conti. Between 10-30 and 1046 a.m. {local mean time) 
on the 29th February, the sky being ealm but cloudy with cirri, 
cirro-cumuli and cumuli, a loud detonation was heard which was 
noticed in many villages and towns of this part of Piedmont. In 
Casale the noise resembled tbe discharge of artillery or the explosion 
of a mine ; while an observer stationed near the confluence of the 
Sesia and the Po states that he heard a crackling noise like the dis- 
charge of musketry afar off. Near Casteggio, in the district of 
Voghera, Alessandria, a mass was observed to traverse the heavens 
with great rapidity, leaving a black track resembling smoke; and 
two explosions were heard followed by a prolonged noise. A medical 
man who was near Santo Stefano d' A veto, in the district of Chiavari, 
Genoa, saw a globe of fire of considerable size cross the sky from 
N.W. to S.E. at the same time. 

One meteorite fell about 600 metres S.E. of Villanova; it orashed 
through the branches of a tree and entered the ground a few paces 
distant from a terrified peasant, who, believing it to be a bomb, fell 
on his face. The villagers were filled with alarm at the occurrence, 
and some oxen yoked to a plough near Eoggia Marcova stood still 
with fear. The stone penetrated the clayey soil to a depth of Q'4 
metre, and on the following day was exhumed by a boy, while the 
courageous owner of the field sheltered himself securely bard by and 
witched the operation.' 

The Villanova meteorite has somewhat the form of a cube and 
measures 0'08 metre along the side ; it weighs 1-92 kilog. and has a 
specific gravity = 329. It is covered with a thin bard brown crust ; 
the interior has a mottled grey colour and a fractured appearance, 
and is very friable. The matrix is stated to enclose grains of an 
ocbrey-yellow hue, others much larger and of a brown colour 
(chromite), as well as lustrous metallic particles, the remainder con- 
sisting of various stony ingredients, some consisting of microscopic 
crystals. 

1 A. Oniran, A Bertolio, A. Zaunetti, and L Mnoio. Soprs gli Aoroliti enduti 
il giorno 2° febbraio lffi.S in.-l T . ti i I . ni. . ili Villanovn e Motta dei Cuiiti, Piemonte, 

circoudario di Casale. (.Jm Inln.Kli.K.Lone di-l [uulre. Dtiiaa. 1HGS, Torino. Bod 
also Bull, meteor, d.ll U.-,crv. del R. Coll. Carlo Alliaii if Moittcalieri, March to 
June, 18G8. -F. Denza. Compt. r,mi.. IBriS. kvii. 111.— G. Jems. I Tesorl 
Softer™ m i it'll' Italia. Parte Prima. 1873, Torino: Locwlier. Page 163. 

1 The trajectory uf this stone could 1m apjni^miati ly di-trrTiiiiird si net! three points 
in a vertical plum 1 "ire i.li-ti-i-iiiiinil : 1) rliu point ivln-n it iri-a/ed tlie top of a tree, 

Stha broken end of the bough of a walnut tree severed by the meteorite, and 3) 
e point where it entered the jri-iiiiiul. Other peasant, win. were employed tupping 
flee; lull tin hi-h load whieh l.-.nU 1 1 . .i 1 1 (":i-:ii. In Vereelli, nC :i point about 1-0(1 
metres from VilliNiova, oh-i in ,l n ruin r>| bl.iek grains ; one man was struck oj 
hat with n piece of considerable size. 
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According to Bertolio this meteorite consists of : 

Iron 20-700 

Nickel oxide 5-371 

Manganese and copper traces 

Sulphur 0503 

Phosphoric add 0597 

Chlorine 0-105 

Silicic acid 39-861 

Alumina 0-415 

Chromium sesijnioxide 0-036 

I Iron protoxide 12-234 

Magnesia 14-776 

Lime 0-87S 

Potash and soda 4-151 



I have arranged according to the method adopted in foregoing 
analyses, the results which Bertolio obtained by treating a portion 
of the meteorite with acid and have further assumed that the nickel 
which he quotes in the form of oxide is however present as a con- 
stituent of the alloy. The metallic minerals broken up by acid 
clviefly consist of nickel-iron with perhaps a little troilite and 
Bchieibersite, and contain: 

Iron = 84-659; Nickel = 11-791; Snlphur = 2-058; Phosphorus = 1-063; 
Chlorine = 0429 ; Copper, trace = 100000 

And their siliceous portions separated by acid have the following 
com position : 

SiOj AbOj CrjOj FeO NiO MgO CaO EjO Na,0 



The oxygen ratio of the silicic acid and of the total bases in A, if the 
alkalies be regarded as soda, is 18-82 : 21-38, and in B, where the 
alumina and nickel oxide are included, i>7-23 : 7-968 ; A thus appears 
to consist of an olivine in which the oxygen ratio of MgO and FeO 
is approximately 8:1. It is not improbable that a portion of the 
acid which gelatinised was net removed in the carbonate from B ; 
and that the latter moreover was imperfectly decomposed during the 
subsequent fusion, 

A second stone, weighing 6-311 kilog., fell in a cornfield near the 
farm Koletta at a spot 2950 metres distant from the first. In form 
it somewhat resembles a truncated pyramid, and measures 0-223 
metre in its greatest length and 0*1-1 metre in its greatest breadth ; 
it is also covered with a thin crust, evidently the result of fusion. 
It is preserved in the Natural History Museum of the University 
of Turin. The authors of the paper above alluded to consider the 
two Villanova stones to be distinct meteorites, and not fragments 
resulting from the explosion of a single mass during its passage 
through our atmosphere ; their opinion is shared by Denza. 

At the same time a meteorite fell at Motta dei Conti, the village 



1 
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already referred to. It struck the pavement in front of a tavern 
with great violence, driving the slab 0'5 cm. into the ground.; the 
shattered fragments of the meteorite, which rebounded aver the roof 
of a small dwelling 7 metres high, are estimated to have weigbed 
from 300 to 500 grammes. According to the list of the specimens, 
quoted by Jervis as preserved in collections, their total weight does 
uot exceed 30 grammes. Berlolio, who submitted » small portion of 
the Motta dei Conti stone to examination, declares it to differ uoth 
in physical characters and chemical composition from the Villanova 
meteorites ; the disparity, however, is not difficult to account for. 
Ho finds this slone to lie more magnetic and dense (specific gravity 
= 8'76) than the others, and to contain no lime am] scarcely a traoa 
of alumina. A fragment of a meteorite, containing nearly one 
quarter of its weight of nickel-iron, would, during the rough treat- 
ment to which this stone was subjected, lose much of the interstitial 
rocky matter and acquire a greater density in consequence, while the 
proportion of the two oxides in the Yillauova is in any case so small 
that the indications they may give in a qualitative examination of 
so small a quantity of material could hardly warrant our drawing 
a conclusion as to whether or no it had a common origin with, or 
similar constitution to, the Villanova stones. All the remaining 
ingredients of the latter are likewise found in the Motta dei Conti 
meteorite. It is stated that a fourth stone fell further north in tlte 
water of the Roggia Marcova, in the parish of Caresana. 

Daubree points out that the above meteorites do not essentially 
differ from others which have previously fallen in Piedmont, namely, 
at Cereseto (1840, July 17th), and at Giuliana Vecchia (1860, 
February 2nd); and finds them very similar in character to the 
meteorites which fell at Oviedo, Spain (1856, August 3th), and 
in the Commune des Ormos, Yonne, France (1857, October 1st). 



1868, March 20th.— Daniel's Ku.il, N.N.E. of Griqua Town, Griqua 
Territory, South Africa. 1 

This meteorite fell at Daniel's Kuil, near a Griqua, who picked 
it up while warm and gave it to Captain Nicolas Waterboer, the 
Griqua Chief, from whom Gregory ubtniiied it. It was broken into 
two parts when it reached his bands, and has since unfortunately 
been divided into several more ; it weighed 21b. 5oz. The crust 
has a dull black colour; immediately below it for a thickness of 
about £th of an inch the stone has a browner colour than the 
interior, the result of oxidation. The rock has a dark grey colour and 
a fine granular texture, and encloses a very considerable amount of 
nickel-iron in a finely divided condition, as well as particles of 



i. Set., lRfid [21, vii. 22. Jour. Piatt. I 
ry, Geol. Mag. Vol. V. p. 631. 
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troilite and schreibersite. Tho rounded grains so commonly pre- 
sent in meteoric rock are not seen. 

This meteorite Las been examined by Church, who finds it to 
possess the specific gravity 3-657 to 3-678, and the following com- 
position : 

Nickel-iron 2972 

Troilite 6-02 

Bcbieibanite 1-69 

Silica mid Silicates 61-53 

Carbon, Oxygen, other con-tit neat?, ami loss 1-14 




nickel-iron contains : 

Iron = 94-72; Nickel - 5-18. 



Total = 



lou-oi 



10u-0< 



i of troilite is based on a sulphur determination made 
portion ; the schreibersite " was approximately esti- 
mated by calculating its amount as being ten times that of the un- 
osidtsed phosphorus in the. stone"- — a novel method which can hardly 
be considered a satisfactory one. The rocky portion of tho stone, 
constituting nearly two-thirds of the mass, duos not appear to have 
been submitted to detailed analysis, although we are told that the 
silicates consist chiefly of olivine and lubradorite. ,: the former species 
constituting by far the larger portion of the powder unaffected by 
dilute acids." Olivine, as is well known, is the meteoric silicate 
par excellence, which is broken up by such reagents, being easily acted 
upon even by dilute hydrochloric acid. Church does not state whether 
he succeeded m detecting the presence of alumina in this meteorite, 
although he numbers labradorito among its constituent minerals ; 
while tho occurrence of silica, as such, in a meteorite is so very rare, 
having aB yet been isolated and submitted to analysis in one instance- 
only (see p. 133), that an investigation of this question is desirable. 
The author further stateB that iu a second portion of the same 
sample he found the silicates to amount to 61-10 per cent., in 
another fragment to 48-99 per cent. ; while in yet another portion 
the nickel-iron, judging from tho per-ccntage of nickel it contained, 
constituted 39-20 per cent, of the stone. 



round April, 1868.— Losttown (2£ miles W. of), Cherokee Co., 



According to Shepard's first notice, this block of iron has the form 
of a human foot and weighs 61bs. lOoz. " Widmannstiittian figures 
are visible directly in one portion of the sarfaco ;" those presented by 
treatment with acid are stated to be very beautiful and to most 
nearly resemble tho figures of the Seneca Lake iron. The nicke' 
which in the first notice is stated to be abundantly present, althg ntf 

1 C. U. Shcpanl. Atncr. Jour. Sc, 186D, xlvii. 234.— See also J.mtr.. T "* ""' 
1868, ilvi. 267. , ven 
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tho development of the figures would not lead one to expect the per- 
centage to be large, proved on analysis to be considerably below the 
.verage, as tbe following composition shows : 

Iron = 9Wo9; Kekd-1-MO; Innolublis portion = 0'S80. Total = 99-9M. 
The insoluble part is stated to consist of schreibersite and rhabdita; 
oes of cobalt, chromium, magnesium, and tin (?) were detected, 
o specific gravity of the iron is 7 '52. 



1868, July 11th.— Ornans, Doubs, France.' 
This meteorite is described as differing in appearance from any of 
the Btones which have fallen in Europe during recent times. It has 
a dull grey colour, and is bo friable that it can be crumbled between 
llic lingers. It is very porous; a fragment immersed in water ab- 
sorbed about -r'-<jth of its weight of water in two hours. Particles 
of iron can only be detected here and there with a lens, and the 
atone ia feebly magnetic. The specific gravity of the rock ' 
" it consists of: 

Nickel-iron 185 

Magnetic pyrites 681 

Chromite 040 

Olivine Jfi-10 

Insoluble eiliciite 16'2G 



The portions of silicate separated by the treatment with acid wer 
SiO, Alj0 3 FeO HiO MgO CaO K,0 and N14O 



Pisani, it will be seen, ia of opinion that a portion of the 
nickel is present in tbe form of oxide in tho silicate which 
gelatiniaes with acid. He determined the amount of iron present 
as metal by measuring the volume of hydrogen which it evolved 
during its solution in acid. In calculating the results of his 
analysis he considers the aulphur to he combined with a portion 
of tliis iron in the form of magnetic pyrites, and the remainder 
of that metal to be alloyed with somo of the nickel, the excess 
of the nickel above that required to form the normal alloy being 
present as oxide. As, however, it has not been shown to be a com- 
ponent of the silicate, and recent researches (see page 88) have 
failed to prove that it forms a constituent of meteoric olivine, it may 
^e present as alloy. If we exclude the oxygen of this nickel oxide, 
ratio of the oxygen of the silicic acid to that of the total bases 
at portion is 1335 : 1343, from which it appears that the chief 

£: H, mni. Compt. rend., 1868, bvii. 663.— G. TEchermak. Sitzbrr. Ah. Win. 
■""• ' lxii. Boo. 



constituent of the Ornans meteorite is an 
formula 2 (2 Mg * Fe) SiO,. 

Tschermak finds that the dull grey colour of this stone is due, at 
least in part, to the presence of carbonaceous matter. (Compare 
■with the Goalpara meteorite, page 1G2.) 



1868, September 7th. — Sanguis -St.-Etienne, Canton de Tardets, 
Arrondissement Maul 'on, Basses-PyrC-nees.' 

At 2 - 30 a.m. a meteor emitting a pale green light traversed the 
sky over Mauleon, and broke up leaving a faint whitish cloud which 
lasted for some time. Its disappearance was Bticceeded by a noise as 
of thunder, followed by three or four loud detonations, which were 
heard over an area 80 kilometres wide. The inhabitant! of Sauguis- 
St.-Etienne heard, in addition to these noises, a sound like that pro- 
duced by quenching hot iron in water, and a dull thud caused by 
the meteorite striking the ground. It fell about 30 metres from the 
church in the bed of a small stream, and was so completely shattered 
that the largesl fragments did not measure more than 5 cm. in length; 
their total weight is about 2 kilog. The fall was witnessed by two 
men, who, returning home late, had continued in conversation at the 
door of one of their dwellings. Frightened by the hissing noise, 
they fell on the ground, and saw the stone strike the earth about 
20 metres from them. 

The Saugnis meteorito consists chiefly of rocky matter, the metallic 
grains being small and sparsely distributed; troilite is noticed in 
nodules, some of which are 10 ram. across. The crust is dull black 
and possesses the unusual thickness of 1 mm. ; the fine black veins 
observed to traverse certain meteoric rocks are abundantly present 
in this stone. A microscopic section was found to act strongly on 
polarised light, and to have the appearance of a breccia of very 
small transparent and colourless particles. 

Daubree finds the rock composing this motoorite to be identical 
in all respects with that, forming the stones which fell at Vi llano vn 
di Casale Monferrato in Piedmont (IbttS, February L'tlili) [seepage 
152] ; even a practised eye examining specimens of theso two falls 
would fail to distinguish one from the other. 

According to Meunier this stone has a specific gravity = 3-303, 
and consists of: 

NicM-iron 8*050 

Troilite 3"0« 

Soluble silicate 66909 

Insoluble Gilicntu 23-fi7l 






1 G. A. Dilubrer. 
a In Faculty ili-i Si'i.n 
iurc iht Mitetiritea, 16 

1 In liw paper on tlie Hrliriiin iuoti"jnti-, n F^n.illc gravity = 3'13 is given. 




In both portions the silicic acid is considerably in excess of tl 
required to form a, silicate of the form of olivine in A, an" " 
bronzite in B. The amount of iron protoxide in the portion 
gelatinised with acid is unusually small. 

Meunier refers to this meteorite in his description of the stoi 
which fell at St. Denis- YVestrem, near Ghent (1855, June 1" 
(See p. 125.) 



1868, October 1st. — Lodran, Mooltan, India.' 

This meteorite fell at 2 p.m. on the above day at a spot f 
12 miles E. of Lodran, the descent being accompanied with a 
explosion, which appeared to come from the west. The chondi 
structure noticed in many meteorites was not observed in 1 
stono, but enclosed within its black crust, was found n magma of 
siliceous particles of so coarse-grained a character that the individual 
granules occ; is ion ally measured 2 mm. in diameter. The constituent 

t minerals were carefully isolated before analysis, which showed the 
stone to consist of : 
Nickel-iron 32'6 
Magnetic pyrites 7'4 
Olivine ... 2B-9 
Bronzite, n'itli some diromitt- mill imorthite . 31-2 
100-0 

The alloy, an important ingredient, which devclopes figures re- 
sembling those of the Senegal iron, forms a mesh-work enclosing 
the silicates, the crystals of olivine not unfrequently leaving a, com- 
plete impression of their faces in it; it has the following com- 
position : 

Iron = 85-M; Nickel = 12-70 ; Mugxiesia = 0-2o; Residue = 0'8I. Total = B9-M. 
Associated with the substance just mentioned and occasionally en- 
tangled in the silicates were fragments of magnetic pyrites : they 
possess no crystalline structure and dissolve in neid with deposition 
of sulphur. The olivine is of a bluish grey to Prussian blue colour, 
and occurs in unusually well-developed crystals, which have 1 
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found by von Lang to agree in all respects with tlio olivine from 
basalt ; the following measurements were made : 



: 


49° 49' 


■ 





35 3 



) 27 



The fissures of many of the crystals are filled with a black 
mineral of a dendritic form; this is assumed to be chroniite and 
is believed to be a seeornhu-y fonniiiiou. This silicate has the specific 
gravity 3-307 and the following composition : 

Silkic acid 40-14 



Mu^iilsui 



13-65 



100'3i 



These numbers differ only to a slight extent from those of an olivine 
in which the two compounds Mg, SiO, and Fe a SiO, are in the ratio 
of 82 : 18. 

The bronzite occurs in grains and imperfect crystals, on any of 
which faces of more than one zone are rarely recognisable. On one 
crystal von Lang determined the following angles : 

Calculated. 

100, 320 ■ 34° 50' about 34° 30' 

100, 110 - 45° 56' 45* 52' 

100,230 = 67° 15' 67° 6' 

100,130 = 71° 56' about 72° 6' 

while a second gave the following numbers : 

Calculated. 

110,010 = 44" •' stent 44 J 8' 

010, TlO = 44" ff about 44° 8' 

The calculated angles are based on observations made on the 
bronzite of the Breitenbaeh sidei-olite (see page 132), The plane of 
the optic axes is parallel to the zone [110, 010] and the moan line 
perpendicular to 010 has a negative optical < luiracter. The specific 
gravity of this mineral is y-u.13 and the composition: 
Silicic acid 55-35 

Iron protoxide 12-13 

Magnesia 32-85 

Lime ... 0-58 

101-51 
which corresponds, in point of constitution, with a bronzite in which 
the isomorphous compounds Mg SiO s and Fe SiO a are present in tho 
ratio 78 : 22. 

When a microscopic section of this mineral ia examined it is found 
to enclose three substances: 1) colourless chondra of a doubly re- 
fracting mineral, which the crossed Nieuts show to be twinned, and 
which is probably a felspar; 2) small round black particles, usually 
lying iu groups, and believed to bo chromite; and 3) fine hair-like 
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bodies, disposed parallel to the cleavage-planes ; their nature conld not 
be determined. The plate accompany ingTschermak's paper furnishes 
drawings of all these substances. 

In addition to the octahedral faces (111), von Lang observed on 
the chromite crystals, faces of the rhombic dodecahedron (110) and 
the leucitoid (311), and mado the following measurements: 



70" 31' 


. ... 70" 32' 


31 as 


31 29 


60 So 


. ... 60 29 



It should be stated that in the Records of the Geological Society of 
India, Oldham gives the 17th of October as the date of this fall, 



1868, November 27th.— Danville, Alabama. [Lat. 34- 3CK N.; 
Long. 87° (K W.] ' 

During the (American) war, writes Dr. Lawrence Smith, artillery 
had often been beard in the valley of the Tennessee, anil various specu- 
lations were indulged in as to the meaning of a lond report, like 
that of a cannon, which occurred at about 5 p.m. on the day above 
mentioned, and appeared to come from a direction northward of 
Danville. On the following day a man brought to that town a piece 
of rock which, he said, fell near him and in the presence of some 
labourers who were picking cotton at a place 3 miles W. of Dan- 
ville. It entei'cd the soil to a depth of 1^ to 2 feet, and when 
exhumed was found to weigh about 4.J lbs. Several stones fell in 
the neighbourhood ; one near some negroes at work in a cotton- 
field, two others whizzed right and left past two men who were 
ploughing a field about lj miles N.W. of Danville. 

The meteorite which reached Dr. Smith's hands, the first of those 
mentioned, has the usual black crust, which is rough and dull, and 
appears in some parts to have been whipped round, as it were, and 
rolled over the border on to the unfuaed surface as the stone tra- 
versed the atmosphere. 

A fresh surface has a dark grey colour, nod is less chondritic than 
is the case with many meteorites, and there are veins or patches of 
a slate-coloured mineral running across it. lion sulphide and nickel- 
iron are diffused through the rock, the latter more especially in tbo 
slate -coloured areas; and there are occasional white patches of what 
is probably enstatite. 

The meteorite has a specific gravity of 3308, and contains 3'093 
per cent, of nickel-iron consisting of: 

Iron = 80513; Nickel = 0-05(1 ; CoMt = 0-521 ; Phosphorus = 0-019 ; Sulphur= 
0-105; Copper, trace. Total = 9H-208. 
and the iron sulphide contains : 

Iron = 01-ll; Sulphnr = 39'SB. Totsl = 100-67. 
' J. L. Smith. Amtr. Jour. St., 1870, t&*. BO. 
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" the excess over 100 bo deducted from the iron, the chief con- 
uent, these numbers correspond very closely with the percent- 
ages of magnetic pyrites (pyrrliotiie), not of iron protosulphide, 
as stated in this paper; troilite, the presence or absence of which 
was not established, is of course the protosulphide. The rocky por- 
tion of the Danville meteorite consists of: 



39- 12 



and h 



: the following composition : 

SiOj AW), Cr 2 a FeO MnO MgO CaO E,0 Na 2 S P 
A. Soluble.. 45-90 173 trace 23 Hi trace 36*63 2"3l 0'64 0-51 I"0I trace = 102*26 
B.Ihso/u/iIc 5003 4'11 — 19-85 — 20-14 3-90 — — — — = B8-08 

In the soluble portion the excess over 100 is due to some of the 
iron regarded as oxide being present in combination with sulphur ; 
this portion is chiefly olivine, that insoluble in acid is brouzito with 
a little augite or felspar. 

The author Jinds this meteorite to l.io similar in every respect to 
the stone which fell in Harrison Co., Indiana (1859, March 28th), 
■which in mauy catalogues is incorrectly referred to Harrison Co., 
Kentucky (1859, March 26th). 



1868, December 5th. — Frankfort, Franklin Co., Alabama. 1 

Thofall of this meteorite, which occurred at >i r.n. on Hid above day, 

was attended by three loud reports, ii > lately succeeded by a series 

of sounds like that of a great lire biasing ami crackling. The descent 
took place four miles S. of Frankfort, and was witnessed by Mr. 
J. W. Hooper, who saw the stone strike some willow saplings abutit 
70 or 80 yards from him ; on going to the spot, ho found it nearly 
buried in the ground and still warm. The noiso of the explosion 
■was heard 20 or 25 miles E. and W. and 15 or 20 N. of Frankfort. 
Mr. Hooper made notes of the occurrence, and sent the stone for 
analytical examination. "Ho refused with soorn money offers, 
which must have been tempting to a person of limited income, pre- 
ferring the advancement of science to dollars and cents." 

The meteorite, which is almost entirely covered with a very lus- 
trous black crust, so thin in some parts tlmt fragments of olivine can 
bo distinguished through it, weighs (515 grammes, and has a specific- 
gravity of 3*31. A fractured surface presents a pseudo-porpliyritie 
structure, having a grey ground on which black, green, white and 
dark grey spots are seen : the black fragments are very lustrous and 
slightly magnetic (ohxomite) ; and the yellowish -green mineral, 
passing into yellow and shading into dark grey, appears to bo olivine ; 
while the greyer variety cannot, according to Brush, he distinguished 

G, J. Brush. Amir. Jour. St., 1B69, ilviii. 240, 



M 
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from the " piddingtonite " of the Shalka stone, now shown to be no 
true mineral species (see page 115). Some brilliant points possessing 
metallic lustre were found to be troilite ; and one or two delicate 
black veins were also observed. 

The nickel-iron constitutes only a few hundredths of one percent, 
the chromite 0*62 per cent, and the troilite 0*63 per cent, of the 
mass ; and of the latter about 26 per cent, is soluble in acid. An 
analysis of a portion of the stone gave the following results : 

Oxygen. 

26*37 

3-75 

3-04 ^ 

704 

206 V 12*28 

003 

0-llJ 



99-02 

As the greater portion of the lime and but little of the magnesia 
and iron protoxide were found in the portion soluble in acid, it 
appears probable that this meteorite will be found after the more 
detailed investigation, which Brush contemplates undertaking, to 
consist to a great extent of anorthite, olivine and bronzite. He is 
of opinion that by sacrificing more material it will be possible to 
mechanically separate the constituent minerals under a lens. In 
general physical characters it closely resembles the meteorite of 
Petersburg, Lincoln Co., Tennessee (1855, August 5th). 1 



Silicic acid 


••• 


••< 


» ••• 


51-33 


Alumina 


• •• 


•• 


• •• 


805 


Chromium oxide. . . 


• • ■ 


• • 


• • • • 


042 


Iron protoxide ... 


• • • 


• •< 


i • •*' 


13-70 


M njm esia 


• • • 


• • 


• • • 


17*59 


ijiniB 


• ■ • 


• •< 


* • • • 


703 


Potash 


■ • • 


• • « 


- • • 


0-22 


Soda 


• •• 


• • i 


■ • • • 


0*45 


Sulphur 


• • • 


• • • 


• • • 


0*23 



1868, December 22nd. — Moteeka Nugla, Ghoordha, Bhurtpur, India. 

A specimen of this stone weighing 14 oz. is preserved in the 
British Museum Collection. 



Found 1868. — Goalpara, Assam, India. [Lat. 26° Iff N.; 

Long. 90° 4ff E.] 2 

This meteorite, the date of the fall of which is not known, was 
first described by von Haidinger, who directed attention to the 
peculiarities of its form and surface as indicating with great clear- 
ness the orientation of the stone in respect to the path of flight 
through the atmosphere ; he remarked among its mineralogical 
characters differences from those observed in all other meteorites, 
and described it as an olivinous rock, of coarse grain, and of a very 

1 J. L. Smith. Amer. Jour. Sc. 1861, xxi. 264. 

2 "W. von Haidinger. Sitzber. Ah. Wiss. JFien, 1869, lix. 224 and 665 N. 

Teclu. Sitzber. Ak. JFiss. Wien, 1870, lxii. 852.— G. Tschermak. Sitzber Ah 
Wiss. Jrien, 1870, lxii. 855. Jahrbueh fur Mineralogie, 1871, 412. 
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grey hue. Von Haidinger's preliminary notice is illustrated 
;h two beautiful plates showing ibe remarkable form of the stone. 
Tschermak, who has made a very complete investigation of this 
meteorite, describes fhe exterior as having a deep greyish-brown 
colour; the fused crust is extremely thin and hard, and is readily 
removed in flakes. Tbe interior has a porphyritic structure ; the 
deep grey matrix enclosing light- coloured yellow graius, which 
have a nearly uniform breadth of 1 mm. These included particles 
are found on closer inspection to be of two kinds ; the one exhibit- 
ing a. very distinct cleavage, the other none. The first minertil is 
rhombic, has cleavage -planes forming an angle of 92°, is unacted 
upon by acid, and is identified with enstatito. The second species 
is also infusible, gelatinises with acid, and is found to be olivine. 

The very finely granular matrix, when viewed under a high 
power, is seen to consist partly of small transparent particles which 
appear to be olivine, partly of opaque material in which reflected 
light reveals the presence of three substances : a sponge-like mass, 
tbe thin cell-walls of which are minute crystals, some cubic in 
form, and readily identified by their lustre with nickel-iron; a 
smoke-brown pulverulent lustreless substance, of which more will 
be said below; and diminutive yellow metallic granules, which are 
probably magnetic pyrites. The relative position which these in- 
gredients occupy in the mass of the rock is clearly shown in the 
beautiful microscopic drawings accompanying Tseherinak's paper. 

When a fragment of tbe meteorite is treated with acid the nickel- 
iron, magnetic pyrites, and olivine decompose, and at tho outset 
a little sulphuretted hydrogen is disengaged; soon an odour is 
remarked like that attending the solution in acid of iron contain- 
ing combined carbon. After prolonged action the residue is 
still grey; on diluting the solution with water, however, this grey 
matter rises to the surface, or if it should happen to adhere to tbe 
silica can, through its lower specific gravity, bo separated by elutiia- 
tion. When heated on platinum foil tho grey substance disappears ; 
it possesses in every respect the properties of soot. Tliis carbon- 
aceous matter is the dark-coloured lustreless ingredient of the matrix 
already mentioned. 

Tbe Goal para stone has a specific gravity = 3-444 and consists of: 

Nickel-iron 8-40 

Uvilrocarbon 0-86 

Olivine 61-72 

Enstntitfl 30-01 

Magnetic pyrites treca 

101-07 
If the total amount of silica, determined by analysis, bo apportioned 
to tbe bases in the soluble and insoluble portion, it is found, in the 
first instance, that the olivine contains in 100 parts : 

Silicic acid 37-81 

Iron protoiida 1899 

Magnesia 43"20 

10000 
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Those numbers show the mineral to be made up of the silicates 
Mg f Si0 4 and Fe, Si0 4 in the ratio of 3 : 1. The insoluble portion 
his the following composition : 

Silicic acid 56*72 

Iron protoxide 5*33 

Magnesia 35*95 

i*i in c ••• ... ••• ••• ... ... £t'\j\) 



10000 

The enstatite is remarkable for the small per-centage of iron oxide 
present ; it may be a mixture of a pure magnesian enstatite with a 
little of the ferriferous variety, bronzite, and is possibly associated 
with a small amount of augite. 

This meteorite, it is seen, consists for the most part of olivine and 
enstatite, an association of minerals previously noticed by Tschermak 
in the stone which fell at Lodran (see page 158). The presence of 
carbonaceous matter forming 0*85 per cent, of the stone, and consist- 
ing of 0*72 carbon and 0*13 hydrogen, constitutes by far the most 
striking feature of this meteorite. While the carbonaceous meteorites 
which fell at Kaba, Alais, eta, have a very loose texture, the Goal- 
para stone exhibits great toughness. 

A list of meteorites containing carbon has been given on page 4; 
to that must be added the names of those which fell at Renazzo 
(1824, January loth), Mezd-Madaraz (1852, Sept. 4th), Ornans 
(18G8, July 11th), and Zsadany (1875, March 31st). 



[1868]. — Auburn, Macon Co., Alabama. 1 

In October, 1868, Prof. Darby, of the East Alabama College, drew 
up a report on a mass of meteoric iron which had been ploughed up 
" many years since," in the Daniel plantation near Auburn. It was 
a nearly round mass, weighing about 8 lbs. ; it is traversed with 
such deep cracks and open veins that it would not be difficult to 
break it in pieces ; on one side a " globule " of troilite, half an inch 
in diameter, was noticed. When etched the iron exhibits a mesh- 
work of exceedingly thin lines, the areas within the lines being 
lustrous when viewed in a certain direction ; the former appearance 
is ascribed to thin plates of schreibersite, the latter to sections of 
needles of rhabdite. 

The metal has a specific gravity of 7*05, and the composition : 

Iron = 94-580 ; Nickel = 3*015 ; Phosphorus = 0*129 ; Insoluble portion « 0*523 

Total = 98247. 

Besides the above ingredients the presence of undetermined 
quantities of chromium, calcium, magnesium, and silicium (?) was 
recognised. Shepard states that " neither cobalt, tin, nor copper was 
detected in this iron." Commenting on this statement and the ob- 

1 C. U. Shepard. Amer. Jour. Se.y 1869, xlvii. 230.— L. Smith. Amer. Jour. Sc, 
1870, xlix. 331. 



Hisioiiv dV Ml-LTKniiLrKS. 



1(35 



nervations of other investigators, where the fact of the presence of 
cobalt in meteoric iron has not been actually recorded, Dr. L. 
Smith Bays; 1 "I cannot hut suggest the importance of making a 
most critical examination of these: irons before pronouncing tins 
fact ; for in every analysis that I have made of meteoric irons (over 
one hundred different specimens) with this in view, cobalt haa been 
invariably found, along with a minute quantity of copper." 



[1T.D.]— Collina di Brianza, near Villa, Milan.* 

It is stated by Chladni * that this mass of niet.il was found about 
40 to 50 years earlier (which would be about ITHIJ.T'.J) while digging 
the foundations of a house, and that it was placed in the Convent of 
S. Alessandro. G-uidutti, Klaproth, and Gelden. to whom fragments 
were sent for analysis, found neither niekel, chromium, phosphorus, nor 
carbon in it, and considered it to be very pure iron ; so malleable was 
it, in fact, that Chladni had a timing-furl; furgvd from it. Specimens 
of this mass, which weighed originally from 200 to 300 lbs., are to 
be met with in most collections ; its cosmieal origin, however, has 
been regarded as doubtful, especially since Stromeyer reported that 
he had discovered the presence of carbon in the metal. A fragment 
with the above label was submitted by HatishofeT to a fresh ex- 
amination with the aid of more delicate analytical method*, and he 
inferred that the mass is unquestionably meteoric. When etched 
the fragment jrave very distinct Widiimimstiittian figures. One part 
of the metal he fonnd to contain 95 - 2 per cent, of iron, wbile the 
composition of another part was : 

Iron = 91*1 ; Nickel = 7'7 ; Cobalt = I 

Total = »»-3. 
He states the specific gravity of the iron to be 7-596, a number very 
slightly in excess of that given by Chladni. A later analysis by 
Wohler'of an undoubted fragment of the original specimen confirms, 
however, the older results, and makes it clear that Haushofer had 
examined a specimen provided with a wrong label. 

1 J. L. Smith. 11 i logy and 1 I fherairtry, 3n2. 

1 K. Haushofer. .'«.■». I'nikt. Chem.,\SH? --- 
8 E. F. F. Chladni. lYlier I'Viier-Jliton;. 
* GStthigtr Aa,/i., 1870, 31-32. 






[Before 1744.] Hizen, Japan. 1 

Dr. Divers lias drawn attention to two Japanese meteorites, the 
prnporty of a gentleman. Mr. Xanturo Nabrshima, formerly D.iiniijo 
of Ogi or Kosbiro, in the province of Hizen, Japan. They are 
heirlooms in his Family, and used to be in the oare of the priests of 
one of the family templeB in Ogi, called Pukiichi- in Goniado. After 
the revolution the temple was closed. In the family archives there 
is n record of these stones having been entrusted some years after 
their fall to a priest named Jishoha which is dated December 10th, 
1744, and his receipt for thcni is also preserved ; they must there- 
lore have fallen about 150 years ago. They were formerly among 
the offerings annually made in the temple in Ogi to Shokiijo 
(Tannbatatsume) on her festival, the 7th day of the 7th month ; they 
were connected with her worship by the belief that they bad fallen 
from the shores of the Silver River, Heavenly River, or Milky Way, 
after they had been used by her as weights with which to steady 
her loom. 

The meteorites are somewhat similar in appearance, being angular 
masses, evidently fragments, irregular quadratic pyramids in shape. 
The smaller shows a number of small pits or depressions. Faintly 
marked thin ridges and streaks are to be seen on both stones, 
radiating with some regularity from about, the centre of the hase 
over the basal edges towards the apex ; the edges and faces are all 
rounded, and have the usual very thin, nearly black, coating. The 
interior is light grey in colour, earthy, porous, somewhat soft, and 
interspersed with parlitles of nickel -iron and a few of troilite. The 
larger stone weighs 5-6 kilog., the smaller 4-6 kilog. The density 
of the stone was found to be 3'62. 
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The analysis mad© by Mr. Shimidzu, one of the students of the 
Kobu dai Gakko, led to the following results : — 



Iron 15*35 

Nickel, etc 1-75 

Manganese 0*18 

Tin, etc 0-15 

Iron monosulphide ... 5*91 

Iron chromite 0-61 

Phosphoric acid 0-34 

Silicic acid 36-75 

Magnesia 23*36 

Or, arranged mineralogically : — 

jl* iLK"i**"irou *•• «■• ••• ••• ••• » « • 

J. x vllXW? • • # •«« • ■• ••• ••• ••• ••• 

Olivine (silicic acid = 13*10) 

Insoluble silicates (silicic acid = 24*30) 
Chromite 



Iron monoxide, as silicate 
j-iime . .» ... ... ... 

Alumina 

O Uvlc* . • • • • * • * • « » » ••• 

Jr or&so. . • • ••• ••• %m% 

Manganese monoxide 
Nickel oxide 



8-64 
1-94 
1-89 
0*97 
0*16 
0*51 
0*30 

99*01 



17*43 

6*91 

32*89 

43*16 

0*61 



100*00 



If. in accordance with the suggestion of Baron Nordenskjold, 1 the 
quantities of oxygen are neglected, it is found that the proportion 
between the elements in this, and the Orvinio stone (August 31st, 
1872), and in the meteorite of Tajima, Japan (February 18th, 1880), 
are practically identical, thus establishing the interesting fact that 
meteorites which fell in Japan one hundred and fifty years ago have 
the same composition as some of those which have fallen recently, 
both in Japan and on the other side of the globe. 

Hizen. Orvinio. 2 Tajima. 



I. 



II. 



Iron 


• •• 


• • • 


39*70 


Manganese 


• •• 


• • • 


0-86 


Tin 


• ■ • 


• • • 


0*22 


Sulphur ... 


• • • 


• •• 


3*27 


Phosphorus 


• • • 


• • • 


0*22 


Chromium... 


• • • 


» • • 


0*43 


Silicium ... 


• • • 


• • • 


2606 


Magnesium 


• • • 


• • • 


21*30 


Nickel and Cobalt 


■ • • 


3*02 


Calcium ... 


» » • 


• • • 


211 


Aluminium 


* • • 


• • • 


1*53 


Sodium 


• • • 


« • • 


1*09 


Potassium... 


• • • 


■ • • 


0*19 



43-65 



44*7 





• • • 
» • • 


• • i 


— 




i • • 




— 


43*29 


• • 


42*55 .. 


1*10 




■ • • 


• • < 


0-30 




• • • 


• • i 


2*25 


2609 


• • 


26*65 ... 


24*47 


21*28 


• • 


20*18 .. 


19*56 


316 . 


• • 


4*71 ... 


3*86 


2*46 . 


• • 


2*56 ... 


2*80 


1*75 . 


• • 


1*91 .. 


1*37 


1*59 . 


• • 


1*10 ... 


0*38 


0*38 . 


• • 


0*34 ... 


0*26 



10000 



10000 



100*00 



10000 



1766, July. Albareto, Modena, Italy. 8 

This meteorite, which is now said to have fallen at Aibarello, has 
been analyzed with the following results : — • 



i.ruii ••• ••• ••• 


• • • 


4*332 


Magnesia 


•• • ••• 


.. 22-773 


X^l 11/lktyX • • » ••• ••• 


• ■ • 


0*730 


Lime ... 


• •• •• • 


... 2*073 


Cobalt 


• • • 


0*105 


Potash ... 


• • • • • • 


.. 0440 


Sulphur 


• • • 


2*364 


Soda ... 


• • • • • • 


... 1*637 


Silicic acid 


• • • 


35-913 


Loss 


•• • ••• 


... 0*840 


Iron oxide 

Alumina 




24-313 
4*479 








• •• 

• • * 






99*999 



1 Jahrbuch fiir Mineralogie, 1 879, 77. 

2 The cementing substance is I., and the granular matter is II. 
' P. Maissen, Gazzetta chimica, x. 20. 
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with traces of manganese and chromium. The silicate soluble 
hydrochloric acid appeared to be analogous to olivine, and 
insoluble silicate to bronzite. 



" 



Found 1833 ' The Siderolite of Eittersgiiui. 

The examination by Dr. Clemens Winkler of the siderolite cr». 
Itittersgriin, Saxony, shows it to accord closely in composition wit ~7j 
the siderolite of Btvitenbach in Rolieraia, examined some years sinoe 
(1871) in the Laboratory of the Mineral Department of the British 
Museum; and to strengthen the view expressed at the time thai 
those bodies, as well as the meteorite of Steinbach in Erzgebirge 
were probably members of the same fall, possibly of the "Eisenre- 
gon" reported on by Sartorius (died 1609) as having fallen "ha 
Meissniscben " at Whitsuntide, 1164. 

The Rittoregriin meteorite was found in 1833, not 186r (p. 131), 
by a workman employed in clearing the forest, and offered for sale 
as old iron to a smith, but without success ; but in 1861 it came to 
the notice of the lamented Professor Bivithaupt, and was secured 
for the mineral collection of the Bergakademie, of Freiberg. Its 
mean diameter is 0-43 metre, and its weight 86'5 kilogrammes. 
It has recently been sawn through in Vienna, a troublesome and 
costly labour extending over two months. An excellent chromo- 
lithograph of the surface Ihus exposed was prepared by Professor 
Weisbach, in 1876, and published with ft few notes.* 

The mesh work of nickel-iron of the siderolite incloses the follow- 
ing minerals : troilite, asmauit.o, bronzite, and chromtte ; the metallic 
portion constitutes about 51-llfi per cent., and the non-metallic ingre- 
dients about 48-04 per cent, of the stono. The nickel-iron contains : — 

89'BDO 



which constituents may be arranged a 
Nickel- iron Fe„Ni 



0068 Trace 
follows i— 



100-278 



Iroii-mtkei plin^iliiile (FeNiJiI' 
oapliidc Fu,P 

ii'irl." i-VjSi 



II llWlilli'l'; I-'i'mI' ., 

iron alicflo IV " 
Iron sulphide I 



100-278 

The iron sulphide, regarded as troilite, is not acted upon by 
magnet, when in the form of pieces, and but feebly so when ir 
form of powder. The ratios of iron to sulphur in troilite or 



>y the 



' C. Winkler. Ynh:u„!I. Ar K. Leap, Car 
lb Nr, 8, 333. Halle, 1878. 

* Der Eisnnmi-imril v.m [liitet'sgriin ini Sacks 
Freiberg Hon. Bergakad. 



!. dent. Akfid. tier Natnrforachrr, 
then Erzgebirge. Bj A. W. 1876. 
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ulphide, and in magnetic pyrites, differ in so small a degree 
: the analytical results do not always put the question at rest. It 

■over a question whether the meteoric sulphide, associated as 
it is with nickel-iron, doeB nor actually contain some of the metal 
as an ingredient. The numbers obtained in these analyses are as 
follow : — 



lOO'OO 101-54 100-00 9B-90 

The asmanite appears to have the density of 2 '_'7i-l'-27S, and the 
following composition : — 

SiO* FejOj CaO and MgO. loss on Ignition. 
95-77' 3-16 trace 1-07 = 100-00 

97S+ 1-85 „ 101 = 100-50 

As regards the crystalline form of this mineral, Weisbach considers 
that the recent researches of Schuster and of Von Lasaulx have 
placed almost beyond any doubt the identity of tridymite and asma- 
nite. It occurred to Winkler that the relative solubility of tridy- 
mito and asmanite in potash solution should lie determined, and in 
as nearly parallel experiments as it was possible to devise, it was 
fonnd that of tridymite from Sielienbuigen -iiH',: 1 , parts, and of asma- 
nite from Rittersgrun £3-88 parts per cent, were dissolved. 

The bronzito, the roost prominent of the non-metallic minerals, 
was obtained in a pure form with comparative ease. It is but 
slightly affected by llic blowpipe, and is not acted upon by acids 
with the exception of hydrogen fluoride. Tts specific gravity is 33 10. 
i the following composition : — 



Silicic acid 


67-27 


68-68 


Alumina 


2-2S 


2-05 


.1 rem [i rut oxide 


10-99 


10-74 


M;i ui;- .■.-._■ iirot.j.vid'J 


0-41 


0*42 


MllllUl'.-ia 


24'7S 


25-13 




1-77 


2-52 


Soda t 


ot determined . 


1-43 



No trace of olivine was met with in this material. 

Heated in vacuo the substance of the meteorite lost 0-23 per cent, 
of its weight, and the gas evolved took fire, but was bo small in 
quantity that it could not be further examined. The meteorite 
possesses the " crust of fusion " in a fully developed form ; it is of 
about the same thickness as a sheet of paper, and close nnder it are 
found the mixture of the minerals truilite, asmanite, and bronzite, of 
an unaltered light brown colour, although they turn deep black when 



1 Ii)- difference. 
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' temperature slightly above that at which lead melts. The 
author's pages conclude with some considerations oil the probable 
li ■i]i|K-ra[iires of meteorites ID their passage through our atmosphere. 



1840— De Kalb Co., Caryfort, Tennessee.' 
Brezina points out that in Tscbermak'a Catalogue 1 this iron i* 
described as compact, and in Rose's Beschreibung und Eiut!iciluii.j\t 
is shown to resemble that from Babb's Mill. A fine section, acquired 
from Professor L. Smith, shows it to he rightly placed near the irotu 
«f Arva ami Sarepta. Almost every baud of kamacite, 1*5 to S 
millimetres across, carries a bar of porous schreibersite; band-iron 
and interstitial irou are sparsely present, and of a dull grey colour. 
Two inclosed pieces of troilile, from 3 to 4 ram. diameter, are sur- 
rounded by schreibersite from 1 '5 to 2 mm. thick, and around this is 
■regular shell of beam-iron. 



1841, September 6th.— St. Christophe-la-Chartrense, Commune de 

Roche-Servieres, Vendee, France.' 
The fall of this sfone, which was accompanied by a double detoua- 
ion resembling thunder and a luminous appearance, took place in 
he vineyards of St. Chriatophe at the above date. It created quite 
i panic in the surrounding country; on the first day none of the 
peasants would approach it; one could only look with fear in the 
direction where it lay, it was said ; but on the following day a young 
nan, who was escorted to the spot, found it out and brought it away 
vith him. 

The stone weighs 5-500 kilogrammes, and is in the hands of a 
proprietor who was neither disposed to communicate any information 
respecting it, nor to allow any fragments to be removed. M. Dauhree 
hue therefore to content, himself with registering its existence, which ■ 
up to the present time has not been plaoed on record. 



[Before 1845] — Barratta Plain, Deniliquin, Australia.' 

was stated in an issue of The Australasian of the date given 
below that Mr. II. (J. Itussell, the Astronomer- Royal, while -visit- 
ing Deniliquin, succeeded in acquiring for tbe Sydney Museum the 
greater part of a meteorite which fell " some years ago " at Barratta 
Station, 'd~i miles " below Deniliquin." The stone originally weighed 

1 A. Ilreiina, Siubey. Jkai, Jfia. 1880, Ixxxii. Oet.-Heft. 

' Jlh,n,i/,„i. M,uh. for 1872, IS6. 
» G. A. Dftiibrue, Com/it. ir-«l., 1SH0, xoi. 30. 

* The Amtroliw'tn, April i-'inl, 1S71-— XrKui-f, iv. (187!), 212.— See also TJu 
Jonrnnt of Hrli-ucr. Jimiiary, 1S7-I, 12:.!. Tlic [>i'Tiiti<|iiin nr IkiiTniia Meteorite. Br 
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., but it had been broker 



111 flMi 
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ragments L 

illlllilllllOfllllL'Ilt- appeared ill l.ST-i to till! 

effect that Mr. Liversidge, of the University of Sydney, had made a 
[iioliminary exutnittaliim (it its composition. 

From a paper since issued by Liversidge il appears that tho pieces 
of atone originally weighed about 2 cwt. The large muss now weighs 
145 lbs., and must at first have amounted to from 150 to 157 lbs. 
OF the two pieces found near the large mass, one weighing about 
i lbs. has been lost, the other weighed 60 to 70 lhs., and was taken 
to the Editor of the Pasloral Tiim-s newspaper at Doniliijuin, and it 
also has been lost. 

Barratta Station is situated on a vast plain, on which no signs of 
rocks can be seen ; tho largest stone to bo found weighed 2 oz. A 
stockman named Jones stated in 1871 that he remembered the fall, 
which took place about dusk one evening in Hay, about ten or 
twelve years before, when a large body, like a bash on fire, making a 
loud hissing or roaring noise, came from the H-i'J. and passed over- 
head. Some fencers, who were camped four miles N.W. of the 
Barratta homestead, saw " a thunder and lightning stone " fall on the 
gronnd near their camp. It frightened them because they saw it 
coming directly towards them, but it fell about- a quarter of a mile 
distant. It was found some days afterwards half- buried in the ground, 
which it had ploughed up for a considerable distance. It was cracked 
in several places. It is believed to have been, when found, JiO inches 
in diameter and about 1 2 inches thick. This would make it one of the 
largest stones the fall of which has been put on record. 

Subsequently, Mr. P. Gwynne, of the nest station to BaTratta, 
informed Mr. Russell that ho had found the stone when riding over 
tho plain ahout the year 1845; so far as he could judge it might 
then have been there for years. 

A preliminary chemical examination of tbe stone by Liversidge 
sliows it to consist of 92 per cent, of silicates of magnesium, iron, 
and aluminium, and about 8 per cent, of magnetic minerals. The 
proportion of nickel-iron is small in tho extreme, amounting to from 
O0G3 to 0-086 per cent., and cobalt is stated to be entirely absent. 
On the outside it lias a blackish fused crust, and the outer layers 
appear to possess a strongly laminated structure to the depth of from 
three- quarters of an inch to one inch. Below this the stone is much 
more compact, and granular, inclosing numerous spheroidal bodies. 
Under the microscope small grains of a green mineral resembling 
olivine avo to be seen, also particles of a yellow mineral which passes 
into brown. The specific gravity of the outer layer is 3-3S2. The 
inner part of the stone has a distinctly chondritis structure ; some of 
the cliondra are comparatively large, from one-sixteenth to one- 
eighth of an inch across, and a few arc a little larger. The specific 
gravity of this portion of the stone is 3-503. Mr. Russell, who took 
tbe density of the large block, makes it 3-387. The grey granules 
were submitted to a superficial examination and showed the reactions 
of bronzite. 

I have to thank Prof. Liversidge for sending me several raicro- 
ic sections of this very important meteorite. 
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Found about 1850. — Pittsburg, Alleghany Co., Pennsylvania.' 

Thin large mass of meteoric iron, weighing 132 kilog., was turned 
tip liy a plough at Pittsburg. It was briefly described at the rime 
by Si Ui man, and has now been analyzed by Dr. Genth. The 
specific gravity appears to be 7-741 ; and the chemical composition 
of * somewhat oiidized specimen was found to be 

Iran 92-809 

Nickel 4-665 

Cob.lt 0*3Ba 

Copper 0-034 

MuinncM 0*111 

Sulphur 0*037 

Pbosphonu „ 0-251 



The phosphorus corresponds with about 1-8 per cent, of scbrei- 
bersite. Tbe iron, when etched, exhibits WidmannstSttiaii figures, 

and the presence of minute crystals of a phosphide could hi 
recognized on tho surface of the section. 



[1851-68] —The Meteoric Irons of the Mexican Desert. 3 

Dr. Lawrence Smith takes stock afresh of our knowledge of tho 
masses of meteoric iron of that region of Mexico called the BoUonii 
Mapimi, or the Mexican Desert, situated in CoLahuila and Chihualiiis, 
two of the northern provinces of tbe Mexican Republic. In 1854 
he described three masses, two of which (one weighing 630 kilo- 
grammes, and the other 125 kilog.) were subsequently conveyed w 
the United States ; in 1868 eight other masses, the largest of wbich 
weighed ■'>-;"■ kilog., were conveyed to the United States ; and later 
still, in 1871, Dr. Smith published a description of a still larger 
block, estimated to weigh 3500 kilog, now lying in the western 
Imuudary of the Desert near EI Para. There is, moreover, some 
account of a mass yet vaster to be seen in the very centre of tlie 
desolate region. In this district alone not lesB than 15,000 kilo- 
grammes in weight of metcoritic masses have been discovered. 

'While examining sections of two of the above-mentioned masses. 
Dr. Smith noticed a number of nodular concretions imbedded in the 
metal, having at first sight the appearance of " very finely crystal- 
lized troiltte"; closer inspection, however, reveals the fact that 
most of these nodules have more or less of a black mineral associated 
with them. Tins substance was ascertained to he — not graphite, as 
might at first sight have been supposed, — but a compound of 
chromium and sulphur, a mineral new both to terrestrial and celes- 
tial mineralogy. 

Daubreelite, as Dr. Smith has named it, is a black lustrous 



. p. 72. 



■ of Grohgiml 



■: Joxrx. St. 1876, ui. 111". 
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Wiineral, highly crystal ! ins. usually occurring on Ihe surface of tlia 
Modules of troilite, but sometimes traversing them; in one nodule 
a vein of the mineral, 2 millims. wide and 12 millims. in length, 
crosses the very centre of « nodule. It exhibits a distinct cleavage, 
is very fragile, anil is feebly magnetic : the powdered mineral is 
perfectly black, and is but slightly acted upon by strong acids, 
■with the exception of nitric acid, in which it completely dissolves ; 
this reaction serves to distinguish and separate it from chromite. 
100 milligrammes, not perfectly pure, were examined and found lo 
contain 3648 per cent, of sulphur, the remainder being cbrominm, 
with nearly 10 per cent, of iron, and a little carbonaceous matter. 
(Chromium monoaulphida uoutajna chromium = 62'iS8, and sulphur 
= 37*62 ; iron monosulphide (Iroilite) contains iron = 63*64, and 
sulphurs 36*36.) The discovery of this new body is of great 
interest in extending Ihe knowledge, already arrived at by aid of 
the spectroscope, of (he distribution of chromium in eosinical bodies. 
Later Dr. L. Smith ' published a further paper on the new mineral 
claubreelite. When pure, it possesses the following composition :— 
Calculated. Fonnd. 

^Bnlphur 41-29 43*28 
Chromium 3833 36*38 
Iron 1B3S 20-36 
100*00 100-00 

It is a sulphide corresponding in atomic constituents to the well- 
known oxide, chromite (FeO,( 'rO,t, (l-inbroelite heiug FeS,CrS„ 
sulphur replacing the oxygen. The calculation of the composition 
is based upon the sulphur found in the analyses. The finer powder 
obtained by cutting sections of the irons is treated with a magnet 
to remove the nickel-iron; thai remaining consists of troilite and 
dai-bnvlite. This is then digested with strong hydrochloric acid 
Beveral times; all the troilite dissolves readily, and the residue 
consists of the new sulphide. "It consists of shining black frag- 
ments, more or leBS scaly in structure, not. altogether iiulike fine 
particles of molybdenite." The fracture is uneven, except in one 
direction, where there appears to be a cleavage. It. is brittle and 
easily pulverized, the hue particles retaining their brilliancy. It is 
not magnetic, and hut sliglilly altered before the blow-pipe. It 
is not acted upon in tlio slightest degree by hydrochloric acid, either 
cold or hot, bu( dissolves shiwly ami completely in nitric acid when 
warmed with it. The specific gravity is 5*01. 

Other meteoric irons, such as those from Toluca, and Cocke Co., 
contain Ibis mineral. 

In the "Butcher irons" from Coahuila Dr. L. Smith* has since 
met with a nodule of chromite in the interior of compact iron from 
one of these masses. His attention was attracted to an inclosed 
nodule, the lustre of which waB less vitreous than that of dau- 
breelite : it was virtually a black granular mass. When heated 

1 Amir. Jtmrn. Sc. 1878, isi. p. 270. 

1 Amtr. Jotirn. Sc. 1881, [3], x*i. p. 461. 
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willi strong nitric acid in tlie water-bath, not the slightest imprint- 

■!■.■ upon it, thus showing that it is not daubreelita. 

Beating it in fused sodium carbonate in no way affected its 11011- 
nolubilily in acids; 150 milligrammes of the finely pulverized 
mineral were fused with ten times that weight of sodium bisulplnih', 
and were attacked hut not dissolved. Subsequent treatment with 
•odium carbonate and nitre broke it up, and the results of Uie 
tuinlyeia were : 

Chromium oxide 0-2-7 1 

Iron prototitla 33-83 

While chroiuite has been known to be associated with meteorites, 
this is the first instance of its having been found imbedded in this 
manner in the interior of meteoric iron. 

Some of the particles of chroiuite when placed in very interne 
light were found to be feebly translucent and to have a dark redilidi- 
purple colonr. This observation, it appears, had already been made 
by M. Stanislaus Meunier, of Paris, 



1853. — Tazewell, Claiborne Cp. t Tennessee. 1 

Brezina points out that in the Catalogue prepared by TseherawV 
this iron (tide supra p. li'2) is indicated as Of, showing fine-ruled 
Widmannstiittian figures. It differs, however, very much from other 
irons of this group, as Lion River, Jewell Hill, Charlotte, etc., while 
it closely roMinlilis llie Butler iron. While, however, in the latter 
case the chief walls of the skeleton inclose very largo chandlers, here 
they are very small, so that the skeleton -character is far loss 
marked. The characteristic of the two irons of Butler and Taze- 
well rests mainly on the very unusual smallness of the octahedral 
lamelhe, whereby the beam-iron, or its representative, almost 
-vanishes, the irons consisting almost entirely of interstitial und 
band-iron (and of troilite inclosed in both, and schveibersite plates 
in Tazewell). Whether the almost infinitely thin nucleus of tie 
lamellre is identical with the ordinary beam-iron can only be decided 
by further investigation. The appearance of traces of granular 
structure renders it very probable. 



Found. 1854. — Cranbourne, near Melbourne, Victoria, 5. Australia.' 

Two masses of mete'iiic iron were discovered in Victoria in 1854 
(p. 135), and they were first, reported upon by the late W. Haidingerin 
the Sitzun'jsbi'iirltte A lad. Wins.* in 18til. The smaller block became 

1 A. Eronina. SHthar. Akad. Wist. 18S0, luxii. Oct.- Heft, 
' JUtinrahff. Mitth. for 1872, 165 
' Waltpr FIL'lit. /'/; j,V-.-..;.. ■■'.■.■■,■.,■,' ri;in>iiflims, 1882. 
* W. H 11 iilin -.-r. NiK,„i..-sh.riel,le AM. Wins. iliv. IStt] Ajiri], I 
17th October, 1SG1 ; lb. 65, 9tli January, 1862. 
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the property of Mr. Abel, the engineer; the larger one was pw 

chased by Mr. A. Bruce, now of Chislehurst. It appears that M 
Br nee had seen a piece of iron, which had the appearance of hein 
meteoric iron, in the fireplace of a squatter there, and he asked the 
man if any more of that kind was to he met with in that neighbour- 
hood. He was conducted to a spot in the adjoining parish of Sher- 
wood, where an irregular spur of iron projected from the surface, 
and he t.hero and then purchased it with the intention of presenting 
it to the British Museum. Later on, when they proceeded to dig 
round it and uncover its sides, they were astonished at its large size. 
Various sums of money were offered Mr. Bruce for the splendid 
block, but his one answer to all such offers was, "No; I have 
bought it for a sovereign ; and I am going to give it to the British 
Museum." As bus been stated, a point only of the iron was aliove 
the surface. A photograph was taken on the spot by my late friend, 
Mr. E. Daintrer. the Agent-Gciii'ial tor Queensland, after the tertiary 
sandstone inclosing it had been removed. It is the same sandstone 
which craps out at Rroughton, with basalt from 12-15 feet below, 
as on the coast at Western Tort. Bruce states that the lower bed 
is Silurian, and that the block of iron penetrated a foot or more 
into it. 

Early in 1861 the spot was visited by Dr. Neumayer and Mr. 
Abel. One mass was found to weigh several hundredweight; the 
other from three to four tons. Their relative position is illustrated 
in the memoir by a small sketch-map of the district. They were 
found to be beyond all question native, or rather meteorio, iron 
covered with a crust of the usual characters, in which the customary 
hollows were not wanting. This statement is, however, somewhat 
misleading. No crust corresponding to that of magnetite, such as is 
presented by the How ton sideviie (page 19o), is met with; but, in 
place of it, a layer of considerable thickness of hydvalod oxides and 
magnetite, indicating a long period during which the blocks had lain 
in the earth. The relative pnsilion of t lie two masses was S. 34° W. 
and N. 34° E. (magnetic declination), and they were 3'tj miles apart. 
Both lay close to the surface, and were only so deeply imbedded 
that a point protruded from the soil. The latitude of the smaller 
block, which lay north of tho other, was 38° 8' and long. 145 J 22' E. ; 
that of the larger being 38° 11' and long. 145° 20' E. of Greenwich. 
The height above sea-level of the former was 107 feet, and of the 
latter 127 feet. 

They showed no polarity beyond that due to the action of the 
earth. The under side of each mass was strongly south magnetic, 
and the upper side north magnetic. The longer axis of the Bruce 
meteorite, the larger mass, is about o English feet, and it lay 
exactly in the magnetic meridian of the place. 

Neumayer made a number of determinations of the specific gravity 
of the nickel-iron of tin; smaller mass, in the possession of Mr. Ahel ; 
it ranged from 7-12 to 7'C, that of the crust being 3-6'fi. This block was 
sent to the International Inhibition in London in 18G2. The larger 
was brought down to Melbourne and placed in the University 



n 



HISTORY OF METEORITES. 

Grounds there, near the shore, and nn fortunately exposed to the 
action of the aea-water. Efforts were made to delay the shipment 
of the Bruce meteorite to England, but eventually the smaller block 
was bought by the Trustees of the British Museum for £300, 
and presented to the Colonial Museum ; the Bruce meteorite wus 
then sent to this country. When it reached the Briiish Museum, 
"rilled into its under surface, and it was fixed on n 
turntable in the first room of the Mineral Gallery. It was found to 
decay to a considerable extent ; fragments oxidised and crumbled off, 
and drops of iron chloride exuded here and there. This, however, 
was stopped to a very great extent by injecting it with clear shellac 
varnish, and keeping it in a glass case provided with trays contain- 
ing caustic lime. By tbis means the destruction has been reduced 
to a minimum. It was noticed that the part of the meteorite which 
o rapidly decaying presented a very marked crystalline charac- 
ter : that the tetrabedral structure broke up into plates, between 
which were very thin plates of another constituent. less readily 
subject to change. The action of moisture on these series of plates 
8 like that of the exciting liquid of a galvanic cell, and caused the 
oxidation to proceed very rapidly. Many of the fragments which 
came off at this time were selected and reduced again to the firm 
original condition : they present beautiful structure. 

i at once noticed that the meteorite consisted entirely of 
metallic minerals, that it contained no rocky matter whatever. One 
of the first experiments which suggested itself was to determine 
whether the iron was alloyed with nickel, cobalt, copper, etc., anil 
whether it contained combined carbon. A weighed portion was 
suspended by a platinum wire, carefully covered up in caoutchouc, 
in a solution of recrystallizcd salt, and connected with a Bunsen cell. 
The positive cell was kept slightly acid from time to time as it grew 
alkaline. Nickel-iron weighing 5'1'll.SO gnus, was dissolved in this 
way, and the greater part of the insoluble ingredients was found to 
consist of very minute bright apparently square prisms, which per- 
vade all the nickel-iron, and apparently constitute nearly 1 per cent 
of its mass. These prisms are acted upon slowly and with con- 
siderable difficulty by hydrogen chloride, but dissolve readily in 
hydrogen nitrate. 

B of all combined carbon was fully established. The 
nickel-iron thus dissolved was found to consist of; — 



Some of the largest nickel-iron crystals, i 
e examined for other constituents than iron with tbo following 
results : — 1. was a tetrahedron of iron with cleavages parallel to 
the faces of the tetrahedron ; II. waB similar to I. but thinner ; III. 
i several examples of cleavage plates, firm not pliant, thicket 
i the paper-like plates which will be described later on ; IV. 



IV. 

0-711 MM 


T. 


•-Ml 


9-04* 


0-459 
0-023 — 
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Sulphur ... — — 

The rusted fragments of the meteorite, which were very carefully 
picked over, yielded many very good crystals of nickel-iron. These 
■were reduced by hydrogen in porcelain tubes, a large quantity of 
hydrogen chloride was extracted from them, and dozens of perfectly 
complete tetrahedra of nickel-iron, as well as many cleavage pieces 
with sharp edges, were safely preserved. 

In one of the early notes on the Bruce meteorite published by 
W. Haidinger, in 1862, he wrote, •' Vielieicht finden sich in der 
That innerhalbderMeteoreisenmassen . . . selbst luanche Sattignngs- 
punkte, wek-he wirklich verschiedene Mine nil species darstellen." 
Such an instance presents itself in the thin paper-like pliant plates 
which lie on the faces of the tetrahedra of nickel-irou and between 
the large plates of the crystals or nickel-iron ; they are in the form 
of equilateral triangles or are lozenge -shaped, have the thickness of 
stout writing paper, and, unlike the plates of nickel-iron, are quite 

Eliant, They are strongly magnetic, are of a pure white colour, and 
ave evidently been extruded from the nickel-iron at the time of 
formation. They are soluble in hydrogen chloride and nitrate, 
the examination of them had been made in the case of some which 
had been reduced by hydrogen, a further portion picked direct from 
the fragments which had come off the meteorite was taken ; both 
kinds were found to be equally pliant. The fresh plates taken 
direct from the meteorite contained 0688 per cent, of phosphorus. 
Analysis of the plates showed them to consist of: — 

Iron 7013! 

Nickel 2S-7*( 



and their composition may thus be represented by the formula Fe s Ni,. 
This is evidently an alloy of very well denned composition, which 
has been extruded from the nickel-iron under special condition! 
when the latter was saturated with it and ready to oxpel it. It i 
the constituent of uickel-iron which forms the fine lines const.itutini 
the Widniannstattian figure, and not schreibereite, as usually slatei 
iu writings on the etched figures of meteoric iron. Tiinite iB t" 
name wliich Keichenbach gave to leaves containing 13-12 per cent, 
nickel, and which he stated to form the figures on an etched surface. 
Mr. A, T. Abel proposed the name " meteorine " for a new metal 
occurring in the Cranbonrne meteorite which he found to oontai 
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no copper, nickel, or cobalt. 1 The substance referred to in both case* 
is evidently the little platee above described. Ab the composition 
of this mineral has now for the first time been definitely made cmt, 
I propose to call it Edmondsonite, in memory of the late George 
Edmoudson, the Head Muster of Queenwood College, Hampshire, 
a great lover of science, a man with whom I had the honour to 
be long and intimately connected. 

A curious accident sbould here be described which established tie 
fact that the alloy is a definite chemical compound. A number of 
pieces of nickel-iron from this meteorite, which bad become rusty, 
wore heated in a porcelain tube in a current of hydrogen. During 
the experiment, which was conducted out of doors, it came on to rain, 
and some drops touched the hot tube and cracked it,. Air slowly 
entered the crack and oxidised the iron, till it acquired a bright Hue 
colour; while the little plate of edmondsonite remained colourless. 
This result accords with the conclusion arrived at by Stodart and 
Faraday some sixty years ago,' on the oxidation of alloys of iron 
and nickel. An alloy of iron, or rather of the best Bombay woofs, 
with 10 per cent, of nickel, made by them in 1820, in imitation of 
the Siberian meteoric iron, in which Children found as a mean of 
three analyses 89G per cent. 8 of niokel, was compared, as regardi 
its powerB of undergoing oxidation, with pure iron. And the 
authors say: "The colour, when polished, had a yellow tinge. A 
piece of the alloy has been exposed to moist air for a considerable 
time together with a piece of pure iron ; they are both a little rusty, 
not, however, to the same extent, that with the nickel being but 
stightty acted upon comparatively to the action on the pure iron; 
it thus appears that nickel, when combined with iron, has some 
effect in preventing oxidation, though certainly not to the extent 
that has at times been attributed to it. It is a curious fact that the 
same quantity of the nickel alloyed with steel instead of preventing 
its rusting, appeared to accelerate it very rapidly." 

The Bruce meteorite contains many nodules of troilite lying here 
and there amongst the plafes and crystals of nickel-iron, always in 
rounded masses, only very occasionally an ill-defined cleavage plana 
being met with. They vary in size from half an inch to more than 
two inches in length, are usually covered with a thin layer of 
graphite, sometimes with some daubreelito surrounding them ; and 
one nodule, consisting of graphite, was found to inclose troilite, 
which had aggregated inside the graphite in a curious way, so that 
the section of the nodule suggested the outline of a holly-leaf. A 
sketch appended to the original memoir represents a section of the 
nodule of graphite, the shaded inclosed part representing the 
sulphide. Troilite is the only sulphide found in this meteorite, 
and, it need hardly be said, was not in the slightest degree mag- 

1 Jahrb.fUr Mineratogic, 1861, p. 557. 

1 Faraday's Experimental Researches in Chemistry and Physics. Taylor and 
Francis, ISM, p. 63. 

3 Derzelius found nlcfcel 10-73 per cent., and copper 0'46 per cent, in the EruM- 
jarslt nitkel-iron from Siberia. 
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netic. A specimen of pounded anil dried mineral was digested v 
a quantity of carbon J i sulphide, which Lad been twice distilled, 
for a day and a half, and sulphur amounting to 0'0207 per c 
was dissolved. A portion chosen for analysis was found to possess 
the following composition :- 
I. 

Insoluble part ... 0-215 



.'he nest mineral, the composition of which we have to oonBider 
i that forming the prisms which, as we have already seen, are 
jattered throughout the mass of the nickel-iron, and form nearly 
one per cent, of its mass. They resist the action of hydrogen 
chloride and are only dissolved after long treatment with very strong 
aoid ; they dissolve, on the other hand, easily in hydrogen nitrate. 

They exhibit strong magnetic characters. They seem to be 
identical with the mineral to which Gustav Rose gave the name of 
rhabdite. They appear to form square prisms, and the terminal 
faces of the prism could rarely he met with. 

The prisms were exceedingly brittle, and were rarely, if ever, 
found unbroken. It was a difficult matter to obtain the prisms quite 
free from organic matter (dried varnish, etc.), but tho following very 
pure material was at last obtained ;— 






I. 
. 49-715 

. 36-666 
. (13*610) 



II. 



III. 
48 '955 






F„Xi : ,P 2 . 



12'586 I2-648 



The specific gravity of several specimens of the prisms gave num- 
bers varying from 6-32G to Ir78. 

A few years ago Professor Daubree ' pointed out the great ri 
blance which lie had traced between the artificial phosphide of iron, 
Fe.P, which M. Sidot had succeeded in preparing, and the rhabdite 
of meteoric iron. I have to offer my hearty thanks to Professor 
Daubree for permitting me to inspect some of M. Sidot's crystals, 
which bore the closest resemblance to the above crystals. Mora 
recently, in the spring of last year, M. E. Mallard 3 communicated a 

1 G. A. DiiuliriV. Cunij-tii. i-onhis, liiiv., 1127; ami M. Si'lnt, Comptes rendu*, 
lixiv., 1425. 

! M. E. Mallard, " Sur In production il'un phc 
.b. anoriliitf, ilann Us Uiijcudios lies houilleres 
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note to the Comptes Rendus, on phosphide of iron found among the 
products of the spontaneous 6rcs in the coal-mines at CoiumentTy. 
The crystals are square prisms, terminated by a pyramid, are 
strongly magnetic, have a specific gravity of 6"71 and the composi- 
tion indicated by the formula Fe,P,. They, of course, contaiu no 
trace of nickel ; in all other respects, however, they bear the closest 
resemblance to the above liody. 

When the crude nickel-iron of the meteorite was treated with, 
hydrogen chloride till action ceased, coarse insoluble particles, 
mixed with a black powder, and the needles remained ; they could 
both be removed by decantation and repeated washings. It was 
then subjected to a thorough cleansing with hydrogen chloride, 
with dilute nitric acid, with water, with a mixture of ether, alcohol, 
benzol, and chloroform, and finally, when dried, with the magnet. 
In this way the coarse powder was obtained in a pure state ; it 
was very brittle, very magnetic, and dissolved easily in strong 
hydrogen nitrate. Analyses gave the following results : — 

I. II. Mean. 

Iron 56-24S ... 55"J9Q ... 56-117. 

Nickel 29-176 ... — ... 29-176 

PUoaptiorus IB-SOS ... — ... 13-505 



This is, doubtless, the mineral schroibcrHte which appears to have 
the composition indicated by the formula Fe 3 Ni P, or perhaps the 
formula R, P„ the atomic proportion of the iron and nickel being as 
two to one. The material, as already stated, consisted of a coarse 
powder, of faceless irregular fragments of a very brittle constituent 
of the meteorite. 

Search was itcconlin^ly nin.de for crystals, and occasionally, but 
very rarely, larger bodies which might when broken up have 
formed this powder were bit upon. One was met with, a large 
brass -col on ml oblique crystal wliiuh readily cleaved across the base; 
it was but slightly acted upon by hydrogen chloride or nitrate, both 
of which, however, on lung-continued boiling, dissolve it slowly ; in 
aqua retjia, on tbe other hand, it quickly disappears. When heated, 
a fragment of one of these crystals quickly became dark brown. 
Analyses of these crystals gave the following results : — 
I. IT. 

Iron 69-251 69-843 69547 - 28 = 2*484), Q .„ 

Nickel » — — 14'410 -f 29-5= 0-48Br" B " 

Phosphorus ... 16*420 16-e&& 16-043 -f 31 = 0-517 

100-000 

which results point to Fe B Ni, V t or perhaps F(> s Ni P a as the tine 
representative of its composition. It does not accord very well with 
the analysis of the powder, and the relation of one body to the 
other must be left till fresh material comes to hand. 

Mention should here be made of a curious crystal which on two or 

1 Both determinations were lost. 
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tljree occasions was met with while searching through the debris of the 
meteorite. It consisted apparently of a square prism, which, while 
the sides wero quite bright and metallic, had a square centre of a 
dull almost black colour; it very readily broke across the prism. 

In the paper there is represented such a prism broken across, 
showing the dark centre. An analysis or this compound gave the 
following results : — 

Iron B7-i80 

Nickel ... 20-318 

PhoBpLorus 12-317 

100-115 
which numbers agree with the formula R ( P, the atomic proportion of 
the iron and nickel being as seven to two. 

Graphite occurs occasional ly, but rarely, as nodules; sometimes 
as nodules inclosing troilite, like the one already referred to ; some- 
times in large sheet-liko masses, in one case about four inches in 
length and two inches wide. A specimen was carefully dried and 
pounded and burnt in a current of oxygen anil gave numbers which 
show it to have the composition : — 

Carbon 8B-G61 

Hydrogen 0-2S7 

Heaidue (iron, etc.) 10-412 

100-330 
The nickel-iron was further examined for occluded gases. A 
portion of the nickel-iron borings removed from the under surface 
was selected, and was heated in a porcelain tnbo connected with a 
Sprengel pump. Gas amounting in bulk to 3'Cii) times the volume 
of the iron was extracted, and was found ou analysis to have the 
following compositior 

0-12 



• 



Carbonic acid . 
Carbonic oxide 
Hydrogen ... 
Mareli gas .. 



ie paper is illustrated by 



100-00 
i plate and several woodcuts. 



Found 1858-59. — Staunton, Augusta Co., Virginia. 1 

In 1871 Mallet described three masses of meteoric iron which had 
been found near tffai niton (p.'i^-c I ■' i : mini Ii.t lias now been brought to 
light, and examined. It was found by a negro in 1 858 or 1859, who 
brought it to Staunton, and endeavoured to sell it. He tailed to do so, 
and threw it away behind a blacksmith's shop, where it lay several 
years until it was used with other loose material to build a stone 
fence. By reason of its irregular shape and great weight it soon 
fell out of the fence, and was next used by a dentist as an anvil, on 
' J. W. Mallet Amir. Jtam. Sdmce, 1S7B, xv. 337. 



which to hammer metal plates, and for such base purposes 
cracking of nuts; then it was again built into a wall round the 
curbing of a cistern. In 1877 it was removed to Rochester, N.Y., 
■mil * fragment of it came inlo Mallet's possession. It weighs 152 
pounds, i>- 46*7 cm. in length, and 29*2 cm. in breadth, and in shape 
nDinewli.it resembles tlmt of a shoulder of mutton. A sketch of the 
mkM i* givra in Mallet's paper. The specific gravity of the iron is 
7-688, and the metal, when etched, exhibits the Widmannstiittba 
The composition of the iron vt» 



DoMiZi 






99963 

There can bo no doubt that the four specimens found in the same 
neighbourhood represent different portions of the same meteoric fall. 



1861, June 28th (June 16th, OS), 7 a.m.— Grosnaja (Grosnja), Bank* 
of the Terek, Caucasus, Russia. 1 

Sixteen years ago Abich. who was at the time in Tiflis, sent la 
Oiistav Hose, in Berlin, a short description of a large fall of meteor- 
ites at Grosnaja on the morning of tho above day. The greater 
number appear to have fallen into tho river Terek ; one fell in tlie 
great square in the interior of the (? Staniza) barrack, and entered the 
ground to the depth of 1| feet ; it pursued an oblique course through 
the air, and was distinctly warm when dug out. The meteorite had 
the form of a huge hailstone, and was covered with a black crust. 

Abich, who had taken up his residence in Vienna, placed the stone 
in the hands of Professors Tschennak and Ludwig for examination, 
and the results of their investigations, together with a detail*! 
report of the oiivuinutatices ;i trending its descent, have been incorpo- 
rated in the paper by Professor Tsehermiik, referred to in the note. 

It is stated in the report drawn up by General- Major Kundukof, 
military commandant of the Tselietscheiisk district, that on the night 
of the 15th-16th June (O.S.), a barely dark one, there was neither 
thunder, wind, nor rain. On Friday, the 16th, the morning wna 
clear and bright; light rain-clouds, which however brought no rain, 
hung on the westom horizon over the station Mekenskoi, the inhabi- 
tants of which were startled at about seven o'clock by a deafening 
sound, which continued a long space of time. A non-commissioned 

1 G. Tschennak, Miniralogische und pttrograpliUehi XiCDKilunfrH, 1878, 151. 
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officer of the Mosdok regiment, who was walking from the Navursky 
to the Mekenskoi barracks ('? Staniza), noticed tli.it the sound ap- 
peared to come from the west, where the rain-clouds wore, and 
describes it as resembling that produced when many cannon are 
fired simultaneously, followed by a deafening noise like that caused 
by battalion- firing. He observed the flight of one of the stones, which 
descended at a low angle, and it was accompanied by lateral bands 
of a bluish colour (weleher von Nebenstreifon von bUiilieher Farlie 
begleitet war). The stone fell in the court-yard of a house about two 
paces distant from a summer-bouse, nod thirty paces from the bank of 
the Terek, A soldier's wife, standing on the threshold of the house, 
drew back in the greatest alarm as the meteorite struck the ground 
two paces from her with all the violence of a bomb-shell, scattering 
the earth over the wall of the bouse. A soldier soon probed the 
bole with a ramrod, and found at a depth of rather more than a foot 
fragments of the stone weighing in all ten pounds. Many heard a 
second sound, as though the meteorite burst twice in its descent 
through the atmosphere, and the noise attending the fall was observed 
by persons eight versts distant on the other side of the Terek. A 
woman who was occupied in washing clothes, at a spot about 1050 
feet distant from the point where the meteorite struck the ground, 
heard fragments, which had been detached by the explosion, fall 
into the river Terek. The water fizzed just as it does when 
brought in contact with a large qnnotiiy of heated iron. 

The meteorite has a longish rounded form, and has lost the greater 
portion of its crust ; in fact, the crust, together with a thin layer of 
the inclosed silicate, is very easily removed, and probably dropped 
off at the time of the fall. Its actual thickness is much greater 
than in the case of the stones which fell at Kuyahiuya, and about 
equal to that of the Pultnek aerolites. 

Professor Tscherniak goes nil to describe the Vandal treatment 
to which the stone was subjected before it reached bis house for in- 
vestigation. A cast of it had been taken for the Academy of Sciences 
of St. Petersburg, and it had subsequently been sawn in two. It 
appears, in the first placo, to have been rubbed down with fat, not 
oil even, and, after the mould was taken, to have been soaked with 
potash lye to remove the unctuous layer ; the carbonate of potash, 
which penetrated the porous stone with scarcely any crust to protect 
it, next began to effloresce, and the new danger to which it was 
exposed had to be compassed by drenching it with water. It was 
now ready to pass from the clumsy bands of the- modeller to experi- 
ence the yet more tender mercies of the lapidary, who, not to bo out- 
done by his fellow-workman, it is to be conjectured, proceeded to 
close all the fissures and lines upon its surface with a black varnish. 
Long treatment with alcohol and protracted drying in a steam bath 
were the nest operations which were made with a view to cleanse it. 

A system of cracks and fissures, arranged liko the branches of a 
tree, traverses the whole stone, and gives the impression that they 
are the result of the blow which the meteorite received on its 
fall. The mass of the stone is brittle, the colour blackish grey with 
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bright points. There (ire many inclosed mineral particles, some 
almost invisible, otherB 1 cm. across, the greater part having a 
diameter of less than 2 mm. The matrix is black an<l opaque even 
when viewed in a miarOMQpio auction, and many of the inclosed 
particles are opaque or otdy translucent in points. Most of them, 
however, are transparent, anil the majority have a circular or rounded 
outline. A plate is appended to Tscherniak's paper showing figures 
of the inclosed minerals. Five distinct ingredients could be dis- 
tinguished. The firBt is a clear greenish mineral, with incomplete 
cleavage along two directions perpendicular to each other, and was 
identified as olivine. A second in round tough spherule*, brownish 
in hue aud not numerous, with a finely foliated or finely fibrous 
structure, was found to he bronzite. Inclosed particles are some- 
times made up of these two minerals, sometimes, but not very fre- 
quently, of them together with a third silicate in long greenish 
prisms which have the appearance and angles of augite. The me- 
teorite also contains some magnetic pyrites (troilitc '?), a very little 
nickel-iron and perhaps a little carbon, to which the dark hue of the 
matrix is due. 

Tschermak directs attention to two peculiarities observed in several 
chondritio meteorites, and noticeable in this one. The first is the 
occurrence of a crust over the surface of the hronzite spherules, 
possessing fibrous structure. This crust is thin, and is distinguished 
from the inclosed material by its paler colour ; it has the same 
fibrous structure, doubly refractive power, and, in fact, is optically 
orientated like the inclosed silicate. It appears to be produced by 
some agent, acting from without, perhaps heat in conjunction with 
a reducing gas. The agent has not caused fusion, but a slight 
modification of the texture of the surface. The second point which 
he has observed is the distribution En zones of the magnetic pyrites 
in many of the granular inclosed masses. When a microscopic 
seotion is examined by reflected light, it is found that many are 
apparently surrounded by a crust of the metallic sulphide, in others 
it occupies the centre of the mass, in all cases apparently filling up 
interstices. It seems as if the sulphide had impregnated the rocky 
mass ; and the absence of all raagnel ic pyrites in the very compact 
inclosed particles, and the tough fibrous bronzite ehondra, confirms 
this view. This impregnation Tschermak believes took place after 
the inclosed mineral particles attained their present form, and the 
only explanation which can be suggested is that this must have 
happened while the whole tufaceous mass was strongly heated. 
According to this theory, the inclosed granules coming in contact 
with fused magnetic pvrites must have drawn it into the fine fissures 
and interstices, in some instances into the cavities of the granules 
themselves. 

Tli is argues the existence of two definite stages in the formation 
of those and similar chondritio strnotiires. First, the production uf 
the oli vinous tuff by tlie spliUing and attrition of the rock when the 
tougher particles are rolled and rubbed together till they have » 
roundish or spherular foriu ■, and secondly, a subsequent application 
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of heat to the (uff, accompanied not (infrequently by the reduoing 
action of gases and vapourB. 

The Grosnaja meteorite appears to consist of — 






Carbon 

Hydrogen 
Magnetic pyrites 



Olivine appears to be the prevailing silicate in the meteorite ; in 
addition to bronzite there appears to be a little augito and felspar, 
although their presence could not he recognized. There is more- 
over, a small amount of a carbonaceous ingredient, to which, as well 
as to the magnetic pyrites, the blackish grey colour of the matrix is 
probably due. 

A plate showing six sections of this meteorite accompanies 
TBchemiak's paper. 



Found 1870— Ovifak, Disko, Greenland. 1 

M. Daubree gives the name Lainreacite to the iron protochloride, 

the presence of which he ban detected in the curious meteoric irons 

of Ovifak. It was earl ier recognized in the Tennessee meteoric iron 

by Dr. Lawrence Smith. 

Tbe Academy of Sciences of Paris appointed a commission to 
report on a paper by Dr. Lawrence Smith on the supposed native 
iron of Greenland, and their report has recently boon presented by 
M. Daubree. It is pointed out that the bodies which come from 
beyond our atmosphere, and which are called meteorites, present, as 
regards their ruinerulogiciLl cons-tit Lit inn, ;l most sinking resemblance 
to certain terrestrial rocks. Tho important i'act that masses derived 
from most widely separated regions of space .should present such 
resemblances was pointed out by Nordeuskjold in 1870, when he 
discovered large masses of native iron at "Ovifak, on the island of 
Disko, Greenland (p. 2o). The first thought which suggested itself to 
him was that they were of meteoric origin. In order to explain the 
fact that these masses were fused into the basalt, he assumed that they 
had fallen into it while it was still liquid. Many adopted this view, 
and, among others, Nauekhoff and Tsobermak. Steenstrup, on the 
other hand, after visiting the locality twice, came to the conclusion that 
they were masses of native iron, and that they had the same terres- 
trial origin as the basalt itself, Not far from Ovifak, in the Waigat- 
Btrasse, Steenstrup found evidence which supported this theory : in 
the basalt of Igdlokungoak he hit upon a mass of metalliferous mag- 
1 G. A. Daubree, Conipl. rend, 1877, Jan. 8th, luxiv. 66 ; Ibid, Luxvii. 911. 
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o pyrites weighing about 28,000 kilog., and again, in the basalt 
f Asenk, small grains of native iron. The graphite associated with 
this iron pointed to the probability that carbonaceous substances had 
reduced this metal ; moreover, the rock enclosing the native iron 
contained the Bilicate of ferric hydrate which has received the name 
hisingerite. With these opposing views so plainly set forth, Dr. L, 
Smith has gone over the whole question, and comes to the same 
conclusion as Steensfrup, that the masses of metal are of terrestrial 
origin. Ho finds that in the dolerite of Assuk, as well as that of 

■ Ovifak, which it closely resembles, metallic iron is found enclosed 
in labradorito; anorthite is likewise found in certain parts of the 
mass of the Tock, and oligoclase also. 
Iron bas been obtained from seven localities in Greenland: from 
Sowallick, Fiskernas, Niakornak, Jakobshavn, Fortune Bay, Ovifak, 
and Assuk. The iron of Sowallick and Xmkornak is found by Dr. 
Ij. Smith to contain combined carbon, just as the Ovifak iron does ; 
in fact, he states that all specimens of iron obtained from Greenland 
are similar in this respect, and differ from meteoric iron, which con- 
tains no combined carbon ; moreover, these masses all contain cobalt 
in considerable quantity in relation to nickel. Br. Smith next refers 
to the constant geological character of the area where the iron has been 
found, the iron being found only in the basalt region, which extends 
from 69" to 76", and then disappears under a huge glacier. We shall 
probably never know how far this volcanic area stretches towards 
the north ; that, however, which has been seen has a length equal to 
the distance of Gibraltar from Brest, We know that the terrestrial 
rocks which present tbe closest resemblance to the meteoric rocks 

» belong to the lowest depths of the earth. Some are eruptive rocka 
of a basic character, consisting of anorthite and augite, like certain 
lavas from Iceland; others are olivinous rocks, like lherzolite, to 
which the meteorites containing magnesia — those, in fact, of the 
ordinary type — belong. The gangue of olivinous rocks accompany- 
ing the platinum of the Urals, and tbe presence of nickel in the 
ferriferous platinum, have confirmed these relations, which are of 
interest alike for the geologist and the astronomer. It was expected 

I that among the aluminous and magnesian rocks some might be found 
in which iron should begin to make its appearance, and this gap 
lias now been filled. In the Greenland beds layers of lignite are 
found associated with the basalt, and this may have furnished tin 
material which ha3 reduced the iron to the metallic state. 
Ecie 
yeai 
bloc 



Found 1872. — Nenntmannsdorf, near Pima, Saxony. 1 
This mass of meteoric iron was found in 1872 (p. 64), and a super- 
ficial examination of it by Licbteuberger was made in tbe following 
year (" Sitzungsber. der Isis," Dresden, 1873, p. 4). It is a rounded 
block of malleable iron, weighing 25 pounds, and is covered with a 

t. E. Geinitz, Jakrbuck fur Miatralogie, 1876, p. 608. 
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blackish -brown crust of oxide. Like the meteoric irons of Ovifak, 
and many others, it ouii tains chlorine, anil in damp warm air rapidly 
oxidises and exfoliates. The metal lias the prey colour of iron, does 
not exhibit the Wiilmannstatliaii li^nres, and lias a specific gravity 
of 6'21. Geinitz finds the composition of this iron to be — 

► Iron 93-0* 
Nickel 6*16 
Phosphorus 0'22 
99-42 
In the iron are many rounded, Bometimes elongated, hollows filled 
with a yellowish- brown mineral having the specific gravity 3'98. 
This on analysis was found to consist of — 



which showed it to be troilite (iron monosnlphido). and to accord 
iu composition with the sulphide found in the meteoric iron of 
See-liisgen. One cavity was filled with what appeared to be the 
same mineral in a crystalline form. This is the first occasion where 



troilite has been mot with other 






[Before 1875.] Butler, Bates Co., Missouri. 1 

This iron has already been described by Kroadhead ! and Smith,' 
the latter finding it remarkable for the very large and regular 
Widmannstiittiau figures which it displays. A specimen, weighing 
1 kilog. 3oi grammes, acquired by the Vienna Collection from Dr. 
L. Smith, was found to have three etched surfaces nearly perpen- 
dicular to each other. It was noticed that the greater part of the 
iron bad an even dull appearance, but in this lustreless iron grey 
part lay numerous, in part individual, in part grouped together, 
lamellae, of which four differently directed systems appear on the 
sections. The lamella; together form a skeleton— an octahedral 
skeleton : as is illustrated by Tsi.-li/nnak in fig. 5 accompanying bis 
memoir,* the crystal-structure of iron sometimes indicates a hexa- 
hedral skeleton. 

The ground-maBS, though lustreless and structureless, shows a 
peculiar play of light, to which later reference will be made; its 
hardness is remarkably low, a little below 4, being distinctly 
scratched by floor. The thin central part, of the lainelhe in several 
respects (hardness, etc.) shows the greatest resemblance to the 
ground-mass ; only in a few broader places a feebly indicated kernel- 
like structure shuws itridf, ami retails the beam- iron of uthor meteoric 
irons. The lamella? are covered with band-iron (tunite) which is 






A. Hivj-isin. *-!:'*,->: Ai'ut. Jf'w. ISSft, Ixxiii. Oct. Iltft- 
Tirr,!irllu-!nl. Am,:,-. Jaw;,. $,: [3], x, 401. 
Smith. Awn-. Jo,,,-,,. av. '\P l . xui. 211. 
Ttclieimak. Sitiber. Akad, Wist. In. 1874, 458. 
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by its bigh lustre and pale Isabel-yellow colour; they 
r small, the nucleus and the two covers being la most cases 
not more than i l j of a millimetre, and the length usually 15 to 
20 mm. (aome are SO mm.). Where lamella? differently directed 
come together, one system is usually developed quite uninjured; 
sometimes, though rarely, nucleus lies on nucleus and cover do 
cover, a proof of the simultaneous origin of the system. 

From the main structure formed by the four systems of lamella, 
there project into the ground-mass not only numerous small 
plates which are parallel to each other, but here anil there one which 
has an irregular orientation : and to this arrangement is due the 
peculiar play of light of that part of the iron. Troilite occurs in 
rounded or lenticular masses, about 2 cm. in diameter ; but none is 
found in the lamella; systems. 

The largest of the sections does not differ much {about 13°) from 
the position of a leucitobedral face; three distinctly marked lamella; 
systems cross it and make angles with each other of 70 J , &V and 
49°: a fourth less distinctly marked system, making a very small 
angle with the section, divides the angle of 61° into 44° and 17°, the 
larger angle being on the side nearest to the angle of 49°. Hanoe 
the adjaoent angles of the series of lines are : — 
70°, 17°, «°, 49°. 

For the face (533) the corresponding values would have been:— 
6b'-i, 0°, 65"-4, 19-°2. 

The drawings of these sections are to be published later on. 



1875, March 31st, between 3 and 4 p.m.— Zsa&'my, Temesvar, 
Hungary. 1 

No luminous meteor appears to have been observed at the titns 
these stones fell ; the day was bright and sunny, and the sky cloud- 
less. A sound as of platoon firing was beard, and a small shower 
of black stones descended, some within the area of the village of 
Zsadany in the court-yards of the inhabitants, others in the open 
fields. They did not fall together, but at slight intervals, which 
appear to have been at least ono-third of a minute. Some were 
picked up immediately they readied the ground, and were found to 
be cold, [During a conversation with Prof. Szabo in the summer 
of 1882, I learned that this was not the case.] It may be men- 
tioned here that the stones which fell at Dhurnisala in India' 
(I860, July 14th) are stated to have been bo cold that they could 
not be held in the band. 

1 Sgm t im * U KttffBT I'/m./, SJrf April, ami Jane 16th, 1875. 

* "W". von HakliugiT. SiUimgstier. Akad. Woa. JFifH, ilii. 305, sliv. 285. [It 
was a subject iif (miiii-nt roniiirk in c^nvi-rsiition by Professor Bray-ley that tlio 
only foundation fur till:- -Uili-riictit wn> a parr of tlio iiutiiv evid.iiee collected on 
the nccurronre i>f this shiiivf.il I. thai, the metf-orite fame "" from the abode of flnow" 
— n phrase wliicli. in r 1 1 l ■ iinIik (liuli'i'l., -i-iiifirs a ■■ iiurthcni dircf-iion." by ;i simple 
but direct allusion to thu flnoiv-tnppod summits of the llimoluyas, — Professor 
ir Ilerschel.l 
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Sixteen stories in nil have been found, the largest, having tlio size of 
a goose's egg and weighing iihout 1^2 grammes, is preserved in the 
National Museum at Pesth ; the remainder have an average size of a 
walnut, and their aggregate weight is nearly +00 grammes. Memak 
has sent a preliminary report describing the seven largest S 
illustrated with photographs of the tour moBt interesting masses, 
to the Hungarian Academy of Sciences. The investigation of this 
aerolite has been undertaken by Wart ha and Krenner ; ' the former 
will subject it to analysis, the latter examine its mineralogical 
characters. 

I learn from an obliging letter, reeeivetl from Prof. Szabo, that 
these meteorites have a coarse-grained texture, and are somewhat 
friable, and that they contain nickel-iron and scales of graphite. 

Dr. Cohen, of Heidelberg, received seme fragments of the s" 
from Br. Babesiu, and he has recently published a paper on the 
results of the physical and chemical examination of them. 5 

The crust of the stone has a brownish black colour, and is i to | 
mm. in thickness ; it presents the appearance of having been sub- 
jected to a less intense heat than that usually developed during the 
fall of a meteorite. The finely-grained light grey matrix encloses 
granules of magnetic pyrites ( truilite ?\ granules and plates of 
nickel-iron, and numerous dark grey crystalline spherules, averaging 
1 mm. in diameter; one little sphere had a breadth C"" 
They have an excen trie- radiate or contorted -radiate structure, 
freshly broken surface of the stone is studded with these chondra, 
and they are easily removed from the matrix. As regards their 
mineralugical aspects, the spherules are fouud to be of two kinds. 
One consists of small prisms of a rhombic mineral, whirl; has all the 
appearance of a variety of enstatite ; others are found (o possess all 
the properties of olivine. These two minerals also constitute the 
greater portion of the matrix. The enstatitic mineral occasionally 
contains opaque granules and colourless micruliius, the olivine pores 
or cavities, some of which, the author states, appear to contain fluid. 
Metallic particles are rarely, if ever, found in the spherules them- 
selves. An accessory mineral, transparent, pure, and with well- 
defined edges, is also to be found in the meteorite. It differs from 
the ens tat ite in exhibiting mi cleavage fissures, from the olivine in 
the smoothness of its polished exterior, and from both of them in 
exhibiting distinct pleuchroism ; the one tone is colourless, the other 
pale red with a faint tinge of brown. It appears to he rhombic, and 
shows a close resemblance to a variety of hypcrsthone found by 
Cohen inagabbro from South Africa. The Zsaihiny stone resembles 
those which fell on different occasions at Lance, Gopalpur, and 
Pultusk. 

By treatment with acid a considerable quantity of the silicate was 
decomposed. The analysis of the portions thus separated gave the 
following numbers : — 



a -H Heidelberg, 1878, II, Heft. 2. 
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The stone, therefore, appears to consist, to the extent of three- 
fuurths, of a bronzite, the remaining fourth being an olivine, in 
which the equivalents of MgO : FeO are as 3-*9 : 1, a ratio approxi- 
mately that which is often met with in meteoric olivine. 

Prof. V. Wartha was desired to analyse the stone, but be wns 
delayed by several causes which be mentions ; ' and eventually Dr. 
\V, I'illitz undertook the examination. Wartha received 30 grammei 
of the meteorite, a quantity which be considers very small, and be 
was led to make a preliminary trial on another meteorite, that of 
Knyahinya, of which he received some fragments from Prof. Szabu. 
While the latter is very hard, finely-grained, nod firmly held to- 
gether, the stone of Zsadany is very friable and has a rough surface. 
The numerous iron particles enclosed in the rock so rapidly oxidiza 
that they are covered with rust in a few hours, so that it was not 
possible to prepare a microscopic section of it. There were plainly 
visible with a lens, in addition to the iron particles, bronze-coloured 
troilite, small white crystals, and a black non-metallic body, tha 
same as that found by Kenngott in the Knyahinya etone. These were 
found to be fine, lustrous, octahedral crystals, and to be picotite, 
originally found in the rock, from the neighbourhood of L. Lhen, 
called Iherzolite by Delametberie ; it is a spinel. A fragment of the 
stone heated in a tube connected with a Sprengel pump gave no 
lines in the spectroscope, except a weak indication of hydrogea. Tns 
iron sulphido appears to be present not as pyrites but as troilite, 
and the same observation was made with regard to the Knyuliinyn 
meteorite, contrary to the finding of Piribauer, who held it to con- 
tain pyrites. 

Pillitz* publishes full details of the methods which he employed 



for the analysis which led to the following results :- 
= 78-53 per cent ; metals 22-2G per cent. 
Or in 100 parts of the 



-Silio 



tSilirir mill 47-346 

riir ium oxide 1-276 

Alamins 3*027 

Irmi prutoxide 16-054 

Mfifliirsia 22-343 

Lime 4-683 

Potash 5-860 

Soda 0-421 



MMallif Parliiir 



Cobalt 

JlaDlIUDI-i 1 .. 

Ciijip-r and ti 

Siiipbur 

I'lni-jihoiii- 

Carlion 

Chromite .. 



1 V. Wurtha, Ziitschrift file anal. Chemh 

xvi,. 1879. 210. 

1 W. Pillitz, ZeilschnftfH,- anal. Chemit, i 



•ii., 1873, 431; Jour. Chum.^ 
., 1679, 6%. 
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1875, April 14th, 030 a.m.— Haddon, Grenville Co., Victoria, 
Australia. 1 

A very brilliant meteor appeared from a bank of cloud about 20 3 
above the N.W. horizon : it became elongated and pear-shaped aa it 
traversed the heavens from W. to E., attaining an altitude of 50° 
on passing the zenith, where the nucleus appeared to break up and 
roll on in misshapen spheres of various sizes. On reaching a point 
within 20° of the N.E. horizon, the light became more intense and 
then the meteor disappeared. Eight or ten seconds later, reverbera- 
tions as of thunder were distinctly heard. An eye-wilness stationed 
at Haddon thought he saw matter fall near him, and the next day, 
found a lump of melted matter, light in weight and of a nearly 
black colour, a portion being "a yellowish-brown substance like 
cinders from iron-smelting," as well as two fragments that were 
black, like coke, and a smaller fragment of a yellow hue. This 
great meteor, of which an engraving is given in The Illugtrated 
Australian News, was, it appears, observed in several parts of the 
country; but no other accounts of it indicating either the extent or 
position of its real course have yet been received. 



1875, August 16th (about noon).— Feid- Chair, Cercle de la Calle, 

Cons tan tine, Algiers. 1 
This meteorite fell about midday at a spot named Feid-Chair, 
about 30 kilometres from La Calle, the descent being attended 
with the usual luminous appearance. It weighs about 380 grammes ; 
all search to discover other stones has proved of no avail. The 
atone has a black crust and a grey interior, in which particles of 
nickel-iron and troilito are imbedded. Spherules are recognized, but 
the matrix likewise exhibits a breccia ted structure ; grains of a dull 
black hue are also distributed through the mass. The siliceous por- 
tion acts on polarized light. The enclosed crystals are too small to 
allow of their form being recognized. This portion of the stone is 
acted upon by acid, and appears to consist of a mixture of olivine 
and enstatite. The Feid-Chair meteorite closely resembles the 
stones which fell at La Baffe.Dep. des Vosgcs f ib'2'2. Sepl ember 13th), 
Heredia, Costa Rica (1857, April 1st), Canellas, near Barcelona 
(1801, May 14th), and Khetree, l'!rijpootimu, India (1807, January 
19th). This is the third occasion within the space of twelve years 
that meteorites have been seen to fall in Algiers and have been pre- 
served. 



1875, September 14th, 4 p.m. — Supine, eirc. Frosinone. Rome. 
The asserted fall of an ae'rolito on this date, as an authentic stone- 
fall, in the "Monthly Notices of the Hoyal Astronomical Society " 




1. - J'. - :■- 

ttmrhi, ia lb« Utter * 
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..." : . .... >;: in 

lh« public aqoare of Sapino atruck * Deighboaring house with suf- 
ficient violence to dislodge a atone from the roof, without doing any 
more material damage to the hosma. The sop posed " meteoric," 
which fell in the coortjard of the booae, ia identified by the Padre 
Seochi with the ordinary volcanic atnnea of the district, which is in 
lbs neigbboarhood of an extinct volcano, and it probably lay Ua it 
u caatomary to protect them again.*! the force of the wind) upon 
the life* of the roof until it waa projected from its place by the 
lightning-stroke. 



1875, December 27th, 9 p.m.- 



St 



I have to thank Mr. Irish, C.E.. of Iowa City, for two 
from newspapers (the Kan»a* Chief of December 30th, and 
K'hihiib Evening Pott of Decemlier 29th) recording the fall of » 
detonating meteor of the above date. It traversed the heavene in 
a direction from N.W. to S.E., leaving a Inrid streak in ita wake. 
The whole heavens were lighted up, and " made all out of doors 
almost as light as full moonlight." The meteor was of the usual 
whitish-red colour, and when it exploded the fiery fragments were 
seutlered in all directions, "Perhaps two minutes later, and after 
nil appearance of the meteor had disappeared, the sound of the 
explosion came like the discharge of a heavy cannon ; or rather oris 
load explosion, immediately followed by a lighter one like an echo, 
The explosion jarred houses and rattled windows. The size of the 
rw>lr-or mid the terrible force of the explosion may he imagined from 
Hi" fact that the distance was so great that it required about two 
minutes for the sound to reach the earth, and that the concussion was 
plainly felt and heard at that distance. The phenomenon was 
witnessed over n large extent of country." An observer, writing 
from Fort Leavenworth, states that it appeared to have its origin in 
tho coiistoHfitinii Cassiopeia, and its course was due east. Mr. Irish 
stales that bo has made every effort to secure possession of the 
iiiuloorili's which must have fallen, but lins been unsuccessful. The 
time of (light is estimated to have been from 12 to 15 seconds. 



1876, December 27th, 920 p.m.— State of Missouri, U.S. 

I am imh'lited to Mr. Irish, O.E., of Iowa City, for an interesting 
deflorlptton of this detonating meteor, as well as for a map, on which 
ha has traced its course. The point where it was first seen in the 
v-.oiiilh iM al. Thayer, in Nebraska, near the borders of Kansas, and 
ftbOUt 120 miles W. of the Missouri River. It was seen by him at 

' B '!«" (I. (!. Bnadhiad, Ti-ttnt. Amd. Setnia of St. Zutiii, III. No. 3, 349. 
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wa City first as a small meteor, which rapidly became brighter, 
4 was bidden From view when at an altitude of about 4SF by a 
tiding ; at this moment it gave out a very brilliant quivering 
3U of light, which illuminated the whole heavens. It appears 
Tn Mr. Irish's map to have been seen over a wide area, from Still- 
ter in Minnesota on the north, lo Buffalo in Missouri on the soiitli, 
1 as far west as the shores of Lake Michigan. Near the termina- 
n of tho flight ■sounds were hoard : over Archer, in Nehraska, a 

■ liing roaring sound, as of a mighty wind, was noticed; at St. 
teph, in Missouri, tho firBt distinct explosion was romnrked, and 
"ween that town and Livingstone Co. frequent and very heavy 
onations occurred. In the last-mentioned district, and at places 
Far us (JO miles distant, numerous red fragments were seen to fall. 

says, "I have had several persons looking for ihe meteorites 
ere the fall must have taken place; but the whole district is 
'ered with dense forest, and is mountainous and broken, and the 
mud was very soft from the Imig-eentmued rains preceding the 
L, so that no fragments have been found. All the observers of 

■ final explosion agree that the great bulk of the material was 
own upward and backward upon the course of tiie meteor, as tho 
ow-poinled dots in my sketch indicate. The luminous appearance 
ltinued in sight for lo minutes." 



1876, January 5th, 1033 p.m.— Iowa and Missouri. 
ITiis meteor, according to Mr. Irish's letter and accompanying 
p, was witnessed over an area extending from Cass, in Iowa, to 
umly, in Missouri. It appeared to descend almost perpendicularly, 
1 was a very brilliant meteor, and a very noisy one also A 
ies of reports, twenty-two in number, were heard during its 
nsit from Cass to Grundy. The rumbling thunder of its artillery, 
;ether with its flashes of brilliant light, hnmght people from their 
Is with an apprehension that the great Civil War had broken out 
ash. Its time of flight over the area indicated was not more than 
s seconds, and the light it emitted is said to have equalled that of 
mday, None of the. meteorites which must have fallen have been 
nd, for the reasons already referred to when speaking of the 
onating meteor of December 27th. 



1876, January 31st, 5-30 p m. — Louisville, Kentucky. 1 

)r. Lawrence Smith, of Louisville, observed a magnificent meteor 
fersing the heavens on the afternoon of the above day. He first 
' it at an altitude of about 60^ above the horizon, and it disap- 



red from view behind some houses at an elevatic 
direction appeals In have been from X.W. to S.E., a 
jnitude about one-sixth that of the disk of the i 

1 J. L. Smith, Amer. Jourti. 8c. 1876, [3], xi. 4( 



if about 20°. 
id the angular 
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seen over un area 120 miles in diameter. A number of observers 
witnessed an explosion which took place when the meteor was about 
ltf 3 above the horizon; all the fragments disappeared instantly, 
except the large."!', which also became invisible before it reached the 
horizon. One or two of the eye-witnesses think they noticed a 
whizzing noise, and at the time of bursting heard the explosion. 
No fragments of a meteorite have yet been met with ; but it is the 
opinion of Dr. Smith that they fell about 111 6 range of the Cumber- 
land Mountains in Kentucky, or in the north-east of Tennessee. 



1876, April 7th (evening). — Eperjes, Hungary. 1 
A fireball passed over Eperjes 8" [?E. or W.] from the meridian, 
iiid detonated at an altitude of 38° above the horizon. It exploded 
vith a very loud noise, and broke into numerous fiery fragments. 



1876, April 20th, 340 p.m.— Rowton, near Wellington, seven miles 
north of the Wrekin, Shropshire. 1 

It is not a little curious that twice iu five years the British Islands 
have been visitud with metering falls ; in each case a single specimen 
has been found and, the one a small block of iron, the other a small 
mass of rock, they constitute the prettiest little cabinet specimens 
of the two chief typical classes of meteorites. The former fell at 
Eowton, in April, 1876; the other near Middlesborough, in Yorkshire, 
on March 14th, 1881, and will be described later on (p. 218). The 
Rowton iron weighs 7f lbs. A strange rumbling noise was heard 
in the air, followed almost inslaulaneously by a startling explosion 
resembling a discharge of heavy artillery. Kain was falling heavily 
at the time. About one hour after the explosion was heard a man 
had ocoasion to go into a turf fluid, in his occupation arid adjoining the 
Wellington and Market Drayton Hail way, when his attention was 
attracted to a hole cut iu the ground. He probed it with a stick and 
at a depth of eighteen indies, lour inches being of soil and fourteen 
of solid clay, he found the mass of iron. The hole was nearly per- 
pendicular, but the meteorite appeared to have fallen in a S.E. direc- 
tion. The mass was quite warm. it. appears, when found. 

The meteorite passed into the hands of Mr. Ashdown, the agent 
of the Duke of Cleveland, who presented it to the Trustees of the 
British Museum. The national collection contains 351 distinct 
meteorites, and of these 118 are iron masses, the fall of only seven 
of which has been witnessed ; nine stony meteorites have fallen in 
the British Islands and the Rowton iron is only the second iron ^ 
meteorite known as having been found iu Great Britain. Mr. 

1 Egyct£rtcs < ; 9 Magyar PJBSg. Budapest, April 13, 1876. 

1 Welverkmiiplmi Vhtr.iiirir, and limniiiakiou Ihiibi Fast ; Nature, April Tit, 
1870, null Nal'irr. ,lulv i'?l)i, 187(1. Walter Flidil, i'jipiT irad before the Rojil 
Society, t'tlinirirj !ith,"lBB2. 
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Maskelyne pointed out the resemblance to be traced between this iron 

and that of Nedagolla in India, both in its depth of penetration into 

the soil as well as the direction of the little mass in space. 

The iron of this meteorite is compact and bright, and the greater 

part of the surface is covered with a thin film of magnetite : the 

£pint where it struck the ground is worn bright (see plate). The 

composition of this iron was found to be : — 

I. II. 

Iron 91-250 91*046 

Nickel 8*582 \ 0.077 

Cobalt 0-371/ yU " 

Copper trace trace 

100-203 100-123 

The fragment of iron chosen for analysis contained half a nodule 

of troilite, which was easily removed, and on analysis was found to 

have the composition : — 

Theory. 

Iron 63-927 6364 

Sulphur 36073 36-36 

100-000 100-00 

The occluded gases removed at a red heat with a Sprengel pump 
consisted of: — 

Carbonic acid 5*155 

Hydrogen ... 77*778 

Carbonic oxide ... .-.'. ..'. ■ 7*345 

JNrcro&*en ......... . ..; ... ... ... ... ... *f m izz 

100000 

The gases extracted were 6*38 times the bulk of the iron taken for 
experiment ; an unusually large quantity, due doubtless to the iron 
being examined so soon after its fall. 



1876, June 25th, 9 — 10 a.m. — Kansas City, Missouri. 1 

A small meteorite fell between nine and ten in the morning of 
the above day, on the tin roof of the house, No. 556, Main Street, 
Kansas City. It struck the roof with sufficient force to cut a hole 
in the metal ; but it did not pass through, bounding back a few feet 
and coming to rest on the roof. Two observers who were at a 
-window close by heard the sharp concussion when it struck the 
roof, and one of them immediately picked up the meteorite as it lay 
near her on the roof, but let it fall again, finding it too hot to retain 
in the hand. It is described as of a plano-convex form, one inch 
and three quarters along its greatest length and about one third of 
an inch thick. "The convex surface possesses the usual crusted 
appearance, while the inside or plane surface differs from ordinary 
meteorites in possessing the appearance of sulphuret of iron, sub- 

1 J. D. Parker, Amer. Journ. Se. 1876, vol. xii. p. 316. 
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jecled to some degree of heat, instead of nickel iferon s iron, One 
might easily infer that the meteorite was shaled off from a large 
bolide that passed over the city at that time." It is much to be 
desired that this meteorite will pass into the hands of a scientific 
expert for examination and description. 



1876, June 28th, 11-50 a.m.— StiiUdalen, near Kopparberg, 
Orebrolun, Dalecarlia, Sweden.' 
A meteor traversed a part of Central Sweden in a W.N.W. 
direction, and was plainly visible in the very bright sunshine. It 
was observed at Stockholm and So der mankind ; at 13 English 
miles B.W. of Linkoping it was seen first in a N.W. direction, and 
at a considerable altitude, and it descended almost to the horizon 
in the west. A loud whistling noise was heard in the air from 
E. to W„ followed by two sharp reports, and others less loud 
resembling thunder. The fall of the meteorites was witnessed by 
eight or ten persons, and three or four fragments have been secured 
by Dr. Lindstriim. The largest, about the size of two fists, weighs 
4£ skalpnnd [1 lb. av.=l-068 ltt. or skalpuud]. Stiilldalen is a 
station on the Swedish Central Railway, on the northernmost part 
of Orebroliin. Some of the meteoriteB fell in water and have been 

It was subsequently ascertained that the total number of stones 
found ia eleven, and they weigh collectively 34 kilog. Lindstriim 
finds the total composition of a portion of one of these stones to be— 



... 21 10 
... 1-61 

... 017 



1 A. E. Norik-nskjiili], F;ir;><]r;i'* i Mim l rn1 n :ri vicl AkniJemLf-ns iir-i;i".2iiil Hen 
3 April, 1877. ( ' Af tonblaueta Aktifbolags Trjckeri,' Stockholm, 1877.) [See 
also Nature, July 19th, 1877.] — G. Liiulitriim, ' Oivtrsi-jt af Kungl. Vetenskaps 
-' "'TQandl.,' Ho. 4, 1B77, p. 36. 




HISlOJiY OF METEOBITES, 197 

Of these ingredients, 4-51 percent, constitute magnetic pyrites, and 
14'65 percent, nickel-iron, the composition of which appears to be — 

Iron 90-78 

Nickel 8-29 

Cohalt ... 0-88 

Phosphorus 0'05 



The portions (I.) gelatinisable with, and (II.) unacted upon by, 
acid have the following composition : — 



Iron protoxide -.. 
Nickel oricie ... 
Manganese oxide 

sXT '.'.'. ':,'. 

Potash 

Chlorine 



In the soluble portion the oxygen ratio of acids to bases is 
20-08 : 21*16, and in the insoluble" part 30-64 : 15*08. In addition 
to olivine and brouzite, this meteorite appears to contain an insoluble 
felspar and a little apatite. 



1876, December 21st, 8 40 p.m. — Rochester, Fulton Co., Indiana. 

[Lat. 41° 8', Long. 86* 12'.J ' 
This remarkable meteor passed over the States of Kansas, Mis- 
souri, Illinois, Indiana, and Ohio, a distance from E. to W. of about 
800 miles. It burst into numerous fragments cluTiii.tr, its passage, 
producing "a flock of brilliant balls chasing each oilier across the 
sky, the number being variously estimated from twenty to one 
hundred." Over all the regions of Central Illinois a series of 
terrific explosions was heard. Over the northern part of Indiana 
the passage of the body was followed by loud explosions. A piece 
oF the meteorite, a few ounces in weight, fell near 1,'ocliester, la. A 
portion, now in the possession of Prof. Shcpiml. was discovered on the 
following day lying in the enow. Two places were noticed where it 
had previously struck, whence it had bounded to its resting-place. 
It is stated by Prof. Shepard to closely resemble the meteorite of 
Pegu, India (27th December, 1857), and to consist of dark ash-grey 
spherules (boltonite), imbedded in a nearly white pulverulent 

1 B*. A. Newton, Amer. Jaut-n. Se. 1877, *riii. 186 ; J. L. Smith, Amtr. JoiirH. 
St. 1877, siii. 243, and lir. 219 ; (.'. V. Sh.-purd. Amtr. Jour,,. He. 1377, Xlii. 207 1 
Trof. Kirk wood, A,„cr. Joiim. AY. IS77, sir. To ; Wrshm lUihtt of Sciinci m,d 
Indutlnj, 1877, i. No. 1, Kau=us City, Jlo. 39. 
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matrix. " chladnite," olivine in distinct grains, nickel-iron, and a 
little troilite. The specific gravity of a fragment part ially covered 
with crust was 3'65. 

According to Prof. Kirkwood its elevation at Bloomington, where 
it was well noticed, was fifteen degrees, and it is calculated that the 
length of the ohscrved track was from 1000 to 1100 miles, one of 
the longest on record. Its height is supposed to have heen thirty- 
eight miles above the place where the biiiiJ I fragment 1Y>1! from it. Its 
velocity in reference to the earth's surface appears to have been 
from eight to twelve miles per second. The pyro technical display 
is said to have heen tran seen den tly beautiful. 

The entire fragment did not weigh 400 grammes, and it is reason- 
able to suppose that the stone itself was dissipated into very minute 
fragments and dust, as appears to have been the case in the Hessle 
fall and in other similar instances. The stone, according to Dr. L. 
Smith, is markedly pisolitie (highly ehiindritie), very friable, of a 
grey colour, is easily crushed between the lingers partly into a light 
powder, or line dust, and partly to small globules, some of which are 
perfectly spherical. In many respects it appears to hear a close resem- 
blance to the Ornaus meteorite. Dr. L. Smith found it to resemble 
most closely the Aussun stone. The coating is dull black and quite 
rough, and the specific gravity [s3'55. The stone contained 3-31 per 
cent, of troilite, and on treatment with hydrochloric acid was found 
to consist of : — 



which contained respectively : — 



Some of the globules, when picked out and analyzed, weTe found 
to possess the same composition as that of the complete rock itself, 
which showed them to be merely concretions of the matrix. The 
nickel-iron contained ;— 

Iron = 94-49 ; Nickel = 4-12 ; and Cobalt = 0-51 : total 0D-I2. 

The mineral constituents of the Rochester meteorite are ;- 

Bronzite and mnisini' niiuiTiiLs 46-00 

Olivine 41-00 

Nk-kel-iion 10-00 

Troilite 3'00 

Chrume iron 0-15 
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1877, January 3rd (Sunrise). — Warrenton, State of Missouri. 

[Lat. 38° 5V ; Long. 91° MK.] l 

A sound like that of a cannon ball passing through the air was 
lieard by four observers near Warrenton. On looking up they saw 
♦Bn object falling, which struck a tree, breaking off the limbs and 
'then coming to the ground with a crash. The observers were fifty 
or sixty metres distant from the spot. The snow was melted where 
the meteorite fell. From the fragments found, it appears to have 
had a conical form, and to have been about eighteen inches in length. 
The pieces, although warm, were easily handled. It is estimated 
that the stone weighed about one hundred pounds, but only about 
from ten to fifteen pounds weight have been preserved. 

In one specimen the fibres of some of the branches are found 
adhering to the rough crust of the stone, and though delicate 
show not the slightest sign of having been heated. No luminous 
phenomena attended the fall, which appears to have been slow; 
"it was no doubt a meteorite well spent in its rapid motion through 
the atmosphere." Its direction, as far as could be ascertained, 
was from N.W. to S.E. 

The stone differs in a marked degree from that of Rochester, 
although it also is pisolitic and fell only a few days previously. In 
chemical composition it closely resembles the Ornans meteorite, 
which fell 11th July, 1868, and the results of Dr. Smith's analysis 
closely accord with those found by Pisani 2 on analyzing that stone. 

The crust in this case is unusually thick, being in some places 
from two and a half to three and a half millimetres in thickness. 
The interior has a very dark uniform ash colour, is soft, and is easily 
crushed. The density of the stone is 3*47 ; the troilite forms 3*51 
per cent, of the stone and the nickel-iron 2*01 per cent. 

By treatment with acid it was found that there were present : — 

A. Soluble silicates 80*40 per cent. 

B. Insoluble silicates 19*60 



100-00 



which contained respectively : — A B 



Silicicacid 33-02 

Iron protoxide , 37*57 

Alumina 0-12 

Chromium oxide 

Lime trace 

Magnesia 28*4 1 

Soda 0-07 

Nickel oxide 1*54 

Cobalt oxide 031 



56-90 
10-20 
0-20 
0-33 
7-62 
22-41 
1-00 



101-04 .. 97-66 

The chromium appears to be in the form of chromite, amounting 

1 J. L. Smith, Amer. Jour. Sc. 1877. xiii. 243 ; and xiv. 222. 

2 lompt. rmd. 1868, lxvii. 663. 
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d the nickel oxide to be a constituent of 
nickel -iron, which, is present in very 



to 0*5 of Hint mineral : 

the soluble silicates. Tl 

■mall quantity, contained 

Iron = 88-51 ; Nickel »= 1021 ; *ud Cobult = 0-60: totjil 99-32. 
The mineral constitution of this meteorite was calculated to be 

as follows : — 

Olivine minerals 76-00 

Bronsit* nml BjnSadc minerals 18-00 

Niekel-irun 2*00 

Troilite 350 

Chrome -iron 0*50 

The proportion of olivine present in tins stone is unusually high. 



1B77, January 23rd, 4 p.m. — Cynthiana, Harrison Co., Kentncky. 1 
At the date given above a brilliant meteor was seen traversing 
Monroe County, Indiana, in a S.E. direction, about thirty- five degrees 
above the horizon ; it was also seen by several persons in Decatur 
County of the Bame State, lat. 39 J 27', long. 85" 28'. where it dis- 
appeared just as it. seemed to touch the earih, not more than a 
quarter of a mile distant. It really fell about sixty miles away. 
Apparently it was not seen in the State of Ohio, but iu the State of 
Kentucky it was observed over a considerable territory. The 
phenomenon culminated in the usual noiseB heard in the heavens. 
Fortunately one observer, an intelligent farmer, heard a solid body 
strike Hie ground ; he walked immediately to the spot and dug the 
stone out from a depth of thirteen inches. 

The stone weighs six kilogrammes ; it is wedge-shaped, with one 
portion of it. very extensively and regularly pitted, while the rest is 
comparatively smooth. The crust is dull black and is as perfect as 
when the stone fell. There was a fresh broken spot of two or three 
square centimetres which was evidently made prior to the fall, for a 
few small specks of the melted matter adhered to the surface. In 
texture the meteorite belongs to the harder brecciated variety ; and 
when broken presents a mottled surface, identical with, that of the 
Parnnllce stone, which it resembles in. every other particular. The 
specific gravity of the two meteorites is identical, viz. 341. 

The Cynthiana stone, when treated with hydrochloric acid, gave :— 

A. Soluble silicate 66-50 

B. Insoluble silicate 43-50 

which were found to have the following composition : — 







57-60 


Iron protoxide 30-83 




1112 












0*38 






5-70 


Miijiiiosin. 34*61 

Soda 




23-97 




1-24 


99*20 




100-74 


1 J. L. Smith, Amir. Jouv. Sc. WI, liii. 2-13 




IV. 225. 
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Tbe troilite amounted to 5-50 per cent, and the nickel-iron to 593 
per cent., which had the composition : — 

Iron = H0-6+; Nickel = 8'36; find Cobalt = 0-73 : total 9372. 

The mineral constituents are easily distinguished hy the eye, and 
consist of: — 

Olivine minerals 50'00 

Bronzite and ]iyroicnk' mioinili 3000 

Nickel-iron 6-00 

Troilite 6-60 

Chrome-iron 0'52 

In recording the three interesting falls at Rochester, Warrenton 
and Cyutliiana, Dr. L. Smith draws attention to the remarkable faot 
that during a period of eighteen years there have been twelve falls 
of meteorites in the United States, of which specimens have been 
collected. Eight of these falls, with over one thousand kilogrammes 
of mailer, have occurred over the prairie regions of the West, not far 
from bis home; and the extreme limit of these falls is within a 
region not exceeding one-eighth of the surface of that part of the 
United Slates which is cast of the Kooky Mountains. Tbe population 
of this area is not much above tbe average of that country. The 
four other falls in the United Stales during tbe same period were 
attended with the descent (if less than two kilogrammes. 



1877, March 16th, 8 p.m. — Uitenhage, Cape of Good Hope, 

South Africa.' 
A magnificent fireball, such as few would ever see in a lifetime, 
made it* appearance in the Hast, "canning out of the eastern horizon" 
at Uitenhage, "and travelling slowly across the firmament in an 
oblique direction to the westward, when it burst, sending forth 
streams of fire, as if from a .hundred rockets, and then was heard a 
low rumbling noise as of thunder in the distauce. The meteor 
appeared to be nearly if not quite as kir^e as the full moon, but not 
round, more of an oblong shape, and while travelling through the 
air it very much resembled a huge turpentine ball. It gave forth a 
bright bluish light, which lit up the whole sky, and you could dis- 
tinguish everything around you for miles as plainly as in the day- 
time." Native Flottenlots and Kaffirs, the account adds, were so 
terrified that they sought refuge in the nearest houses, and the 
apparition of the fireball was regarded by them as a warning of 
approaching famine, drought, or some other calamity. None of 
tliem had ever seen a meteor of anything like the size or half bo 
brilliant as the present one. The oxen in the wagons stopped on 
the road and could not for some time lie got to start again, others 
turned round, snapped off the disselbooms of the waggons, and 
bolted for some distance into tbe bush. The consternation was 
general in the country round Uitenhage. The illumination lasted 
nearly a minute, and the light was such that it dazzled tbe eyes of 
all who saw it. The events recorded took place on a beautiful 
starlight evening. 

1 The Tiw, London, May 21, 1877. 
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1877, Hay 17th, 7 a.m. — Hungen, between Steinheim and Borsdorf 
Provinz, Oberhessen. 1 

An eye-witDess of the fall of one of tlieae meteorites states that, 
as he was passing through a wood, on his way from Stoinheim to 
Borsdorf, he heard a noise as of thunder, although the sky was 
cloudless, followed by a humming, hissing, whistling sound, such as 
would he caused by a number of stones rapidly rushing among the 
trees. One stone struck a pine tree close by him, severed a branch 
about the thickness of the finger, and fell at bis feet. It was soma 
time before he oould convince himself that the object before him 
was not alive, hut when he at last ventured to raise it from the 
ground be found it was cold. 

Bnclmer visited the locality five months Inter and found a second 
stone, weighing -6 grammes. The first must have weighed more 
than 86 grammes, and a portion of it weighing 73'26 grammes has 
been deposited in the mine ru logical collection of the University of 
Giessen. It has an irregularly triangular and flattened form, and 
less than one quarter of tiie stone has apparently been removed. It 
should he stated here that Iiuchner learned from several who were 
able to bear witness to the occurrence, that the sound attending the 
descent of the meteorites proceeded in .i direction from N.W. to S.E. 
The freshly fallen leaves of mid-October rendered lifeless further 
search for the ulher stones which must have fallen. 

The crust of the meteorite is dull black and thin, and exhibits 
here and there granules of nickel-iron. The fractured surface dis- 
plays a grey, occasionally brownish, matrix, which is traversed by 
a very thin but very conspicuous brilliant black band of material; 
it runs obliquely to the flattened side of this stone, and is also found 
in the smaller mass, picked up five months later, which evidently 
never formed part of a larger meteorite. On another part of the 
fractured surface of the larger stone, a second black line, parallel to 
the first, but less brilliant, is to be seen. Abundant particles of 
nickel-iron and troilite are met with ; and the crust appears to 
consist, to the extent of one-half, of the metallic alloy. Examination 
under the microscope shows the ground mass to be colourless and 
transparent, and to be fissured in every direction. It appears to 
consist of olivine. Some olivine spherules are quite conspicuous, 
surrounded either by the black material or nickel-iron ; other 
chondra have a banded or radiate structure, like thoso observed by 
Tschermak in the aerolites of Shorghofty or (lopalpur, and appear to 
be bronzite ; and lastly there are spherules of a homogeneous grey 
translucent substance, devoid of or rarely traversed by fissures. 
Buchner states that the meteorite of Hungen. while a member of the 
most common class of meteorites, can easily lie distinguished from 
those which fell at A gen, Girgenti, New ('uncord, Knyahiuya, 
Krahenberg, Pnltuak, and many others which he mentions. 

The smaller stone was presented to the Vienna Collection, aad 

1 0. Buclmer aoil G. TstWiiiv.iV, Jl'iiii'al'j'jistlii HMhedungcn, 1877, 313. 
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fnrms tlie subject of a few notes by Tschertnak in an appendix to 
Xinchner's paper. He describes its characters, which nearly approach 
those of tli«! Pultusk stones. Tbe black crust has the unusual 
thickness of 1-5 mm., and incloses particles of nickel-iron, granules 
of magnetic pyrites (troilite ?), and even lustreless chondra, which 
may consist of chromite or picotite. The transparent minerals con- 
stituting the chief mass of the stone are of three kinds : 1. Olivine, 
recognized by its rectangular cleavage and few included minerals, 
mid by its contributing hut little to the chondritic character of the 
stone; 2. Bronzite, in granules aud aggregated crystals, showing 
a prismatic cleavage, the latter being either barred or radiate, or 
contorted and forming the greater number of the chondra; aud 
S. Diallnge. for such Tschermak believes to be a brown mineral, 
forming angular fragments, which arc found not to be rhombic, and 
to resemble an augite. Chromite occurs in granules, aud in larger 
crystals than are met with in other meteorites. 

This interesting stone has not yet been analyzed. 



1877, October 13th, about 2 p.m.— Soko-Banja, N.E. of Alexinatz, 
Servia. 1 [Long. 20 J 53' E. of Greenwich ; Lat. 43° 38' H.] 
Doll's paper, which appears in the " Transactions of the Austrian 
Geological Society." contains two descriptions of tbe fall of meteor- 
ites at Soko-Banja, drawn from two different sources. The first, 
taken from the Servian weekly literary journal " Javor," published 
at Neusatz, is written by an eye-witness of the occurrence, who 
states that tbe 13th October was fine, and the sky clear, and that 
about two in the afternoon a noise as of thunder was beard resem- 
bling batteries of cannon filing briskly. The sound was followed 
by a violent concussion of the air, and then a number of aerolites 
wore strewn over the adjacent region. One weighing 10 okas (22£ 
Austrian pounds), fell in front of a house in Soko-Banja, and was 
driven deep into the earth ; a second, which struck the ground at 
Scberbanowaz, near the litanj Berg, weighed 30 okas (G7J Austrian 
pounds), and is the largest nnrss which was collected. The peasants 
at Eeanj state that one which fell in that locality was of the size of 
a sack of flour, and that liy striking the rocky surface it was dashed 
to fragments. From the second and later report, provided by Kilter 
von Stefan owitscl i, of an inquiry instituted by sumo scientific men 
from Belgrade, it appears that two explosions like salvoes of artillery 
were beard, accompanied by a brilliant display of light such as 
attends the bursting of shells. A dense black smoke was observed 
at a considerable altitude, which broke up into three columns, and 
gradually changed to a white smoke. The noise lasted for some 
time, and then the sound resembled the firing of musketry. The air 
appeared to be shaken. Soon after the explosion commenced a 
number of meteorites fell to the ground over an area of a mile and 

S. M. 
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a half in length and half a mile in breadth. The Following masses 
have been collected : 

1. One, weighing 23 okas, fell in the village of Scherbanowaz, 
and penetrated the soil to the depth of four feet. This is the one 
mentioned in "Javor." 

2. One, weighing 15 okas, fell near the vineyard at Soko-Banja, 
and reached the depth of three feet. This appears not to be the 
mass referred to in " Javor." 

3. Two stones found at Blandija. 

4. A fragment, weighing 2 okas, was found at Prevalae. 

5. A meteorite of small size fell at Gradic (Prevalite and Gradio 
ore hamlets, west of and close to Soko-Uanja). 

6. A number of pieces of various sizes fell at Dugopolje, and 
several very small stones are reported to have fallen on the Djeviza 
Planins. 

One fragment, 2 okas in weight, fell on a pear tree, and then 
descended to the ground ; a man who was under the tree took it in 
hia hands, and received f he impression that the mass was still warm. 

The meteorites were sent to the Natural History Museum at 
Belgrade. Doll's paper contains two little ma|is indicating the area 
over which the stones were strewn. He describes a small specimen 
which came into his possession : the matrix is bluish grey and com- 
pact, inclosing spherules which vary in size from that of a millet- 
seed to that of hare-shot, and which project from the fraotured 
surface. But little nickel-iron or magnetic pyrites (troilito ?) could 
be seen. He noticed patches of a brown colour, which he considers 
characterislic of this meteorite. 

Losanitch, in his communication to the Berlin Chemical Society, 
which appeared subsequently, states that an interval of 25 seconds 
elapsed between the appearance of the meteor and the first explo- 
sion, which was followed by Into others. The explosion occurred at 
an altitude of 7000 metres. The path of the meteor made an angle 
of 220° 50" with the magnetic meridian, and was thus directed from 
N.E. to S.W. ; it was inclined at a large angle to the horizon. The 
track of the meteor has been calculated by Kleritj, and the details 
are to be found in " Glasnik," the journal of a Servian learned 
society. He makes the entire weight of the stones, whole and in 
fragments, to reach 80 kilog. 

All the meteorites are coated with a black rough vitreous crust 
0'5 mm. in thickness, exhibiting numerous di?pi't'Ssions. The interior 
consists of spherules of various sizes, some brown, some yellow, 
cemented together by an ash-grey material, and presents the appear- 
ance of a trachytic lava. In polished sections, prepared for micro- 
scopic examination, nickel-iron in granules, hackly fragments and 
filiform particles, is to be recognized. The specific gravity of the 
meteorite is 3'5U2. The meteorite consists of: — 



ity of the 
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and a little iron enlpliiiTe, A fragment of the nickel-iron, which was 
separated from all adhering silicate, possessed the composition : — 

Nidud '.'.'. '". '". ... '..'. '.'.'. ".'. '. 



This is a high per-centage of nickel ; the ratio of the metals ii 
T , e:Ntas4:l. The iron sulphide was found to be the moi 
sulphide, and to contain 0384 per cent, of iron; theory requires 
iron=63-64 per cent. Analyses of the complete meteoric rock, 
containing the metallic alloy and iron sulphide, but freed from all 
trace of crust, were made— (1) by treating it with hydrochloric acid 
and caustic potash, which removed constituents amounting in three 
cases to 60 50 per cent., (Jl-44 per cent., and 61*71) per cent. ; and 



(2) by determining tbe ingredients of the portin 
by, and (II.) withstanding these roagents. They a 






Iron pro loiido 

Manganese oude 

M i-.-i, .i . 

Boda .. 

Potash .. 

Niokol"! '.'.'. '.'.'. '.'.'. 
Iron moDosnlptude = GTS j 

Ch remit* 

Phosphorus 



9866 101-63 

Neither alumina nor lime appears to be present in this meteorite, 
and augitio and felspathtc constituents are consequently absent. Tbe 
oxygen present in the two silicates amounts to — 



{Silicic acid) ... 

(Iron protoxide) 
(Magnesia) 



30-20 
| = 14-56 



The soluble portion, therefore, is an olivine, having approximately 
the composition represented by the ibrviuihi i!(~ M-j-O, \ FuO), SiO a ; 
and the iusolnble part a bronzite of the form (§ MgO, § FeO), BiO,; 
the ratio of iron oxide to magnesia Wing [In: sume in both silicates. 



1877, Not. 9.— Cronstadt, Orange River Free State, S. Africa. 

All that I have yet been able to gather respecting this occurrence 
is, that a shower of stones fell near Cronstadt on Nov. 9, 1877, in a 
wooded district, so that few of them could be collected. One of 
them, weighing 34f> grammes, is preserved in the British Museum. 
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1677, December 26th, 8 a.m.— Between HiJhr and Balleudar, near 
Coblentz. 

A correspondent of the "Coblenzi'r Zeitutig," dating from " Hiihr, 
27th December." writes that on the preceding day two meteorites fell 
near the road leading to the former frontier, in the direction of Bal- 
lendar. ainl that the fall was attended liy a very characteristic explo- 
sion. The editor of the above journal hub been unable to gather any 
further particulars of the occurrence- beyond the fact that the stones 
fell in a wood, and could not be discovered. 



1877.— CaBey County, Georgia. 1 

in the Vienna Collection is stated by the 
nd very regular Widirianstattian figures. 
The beam-iron averages 2 mm. across; it is almost exclusively 
developed, and presents unusually sharp lines of etching. Band-iron 
and interstitial irou are only present in traces, and schreibersite and 
troilite are not recognizable. 



Found 1877— 9.— Whitfield County, Georgia. 3 






A fragment in the shape of a wedge was found to exhibit Wid- 
manstiittian figures of average size, wliich in certain places by the 
massive development of schreibersite were broken through : the 
band-iron is of a vera go oivin.lth, the interstitial iron distinguished by 
its unusual dark colour. In many places the magnetite fills partings 
which penetrate from the natural surface to a depth of 2 to 3 
centimetres into the iron. 

The original specimen, 3 weighing 13 lbs., was found in 1877 
on a farm about 20 miles N.E. of Dalton, near the Tennessee and 
North Carolina State lines ; it is now in the State Museum at Atlanta. 

In 1879 a second specimen ' of meteoric iron, weighing 117 lbs., 
was found about. 14 miles N.E. of Dalton ; it is now in the possession 
of C. U. Shepnrd, junr., of Charleston. North Carolina. "Some time 
during the year I860 an unusual atmospheric phenomenon occurred 
in the region. A bright light shot across the heavens, followed by 
a loud report, creating gz'eat alarm among the people, many of whom 



mpposed the end of the world had i 
waB found half a mile from litis i 
sent to Cleveland, 
eight of." 



A large mass of iron 
about the year 1S62: it was 
it appears to have been lost 



1 A. Brezina, Sitzfie 

* A. Ikeziiau Sit: 
3 Amtr. Jour. Se, 1 

* Amtr. Jour. Se. \ 



I, [3], 21, p. 2 
1, t*t 26, p. ft 
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1878, July 15th, 245 p.m.— Ties chitz, in Moldavia. 1 

A stone fell at this (late, with the usual ncnmipimving noise, within 
100 paces of some people whose attention was directed by a child 
four years of age to a small dark cloud, from which a peculia 
inoreasing bob ml proceeded. This cloud was suddenly seen to bt 
incandescent, but in no very high degree, and the noise became 
more intense when a body was seen to fall from the cloud, 
stone was warm when found. The noise was heard about the ni 
bourhood two milos around. Tho stone was secured and sent oi 
29th to the Museum of the Technical High School, of Briton. 
meteor appears to have pasBcd ovev Daubrawic and Sloop, and the 
path to have been directed from azimuth 10*" altitude 40', or from an 
apparent radiant point in It. A. (18 s , N. declination 40°. 

One stone only was found, and all search for other specimens of 
the fall was in vain. The stone weighs 27-4 kilogrammes, and has 
the form of an irregular pyramid with an almost square base. 

The entire surface is covered with a black crust, which in some parts 
is of about the same thickness as that of the Pultusk stones ; on the 
large convex side, which is called tins ■' breast-side,'' it is much thini 
and exhibits a radiated character. On the back it is thicker and 
rougher, and without a trace of the radiated structure. The "breast- 
side " is free from all great flc-pvussions, while the others show them, 
due probably in part to the original form of the stone, partly to the 
action of currents of air on the melting surface. The freshly broken 
surface of the stone is dull ash-grey in hue, darker than the Pultusk 
stones, the texture finer and more sharply marked than in the caao 
of most of the chondrites. We see many small dull grey or dark- 
coloured chondra, and splinters and fragments of the same kind, 
many larger dull grey chondra, also while small chondra and white 
fragment b, the latter far fewer than the furmer. Between them an 
ash-grey earthy matrix, and very few yellow metallio lustrous par- 
ticles. Most of the dark chondra are less than 1 mm. in diameter, 
those which have a diameter of 1 mm. are fewer, and there are occa- 
sional chondra which exceed 1 mm. in size; the largest one had a 
diameter of 5 mm. 

The microscopic examination of sections of this meteorite dis- 
played many curious features, and appears to confirm the views 
already expressed by Professor Tscbermak regarding the origin of 
the ohondritic structure. 

Some chondra presented an appearance which has not hitherto been 
observed. They have round depressions, which point to a plasticity 
of the chondra during contact, as if the spherules which form the 
splintered fragments had acquired their form during tiie act of rub- 
bing. Others again have projections of a rounded form, or an almost 
pointed end. These chondra are the result of volcanic eruptions o 
explosion. 

Olivine. — Both in the matrix, and in many chondra, well-developed 
crystals of olivine were met with. They have the same crystalline 

iKentchaftcn-Clasae, Aksd. der Wiauntchaften. 
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form as the olivine in basalt. Many of the chondra consist of indi- 
vidual crystals. Many crystals have cavities inclosing black lingular 
grains, or a black impregnation of the crust, or black slightly trans- 
lucent spherules or inclosures of 'glass"; some exhibit a most dis- 
tinct surface of the inclosed material. 

Bronzite. — Barred and fibrous individuals of a brown colour are 
regarded as bronzite. Some of the barred chondra buowh in the 

plate :\i-l;i jf ii j ying the paper of Maltow.sky ;iud Tschermak are very 

perfectly developed and very curious. Koine have a darker border, 
others a lighter rim. In these chondra also the inclosed material 
already referred to is met with. 

Eiutatite.~ Many of the chondra of this mineral are distinguished 
by their marked foliated structure, and specimens of such are shown 
in the plate. Enclosed "glass" is also found in them. Many 
spherules, anil frag rue ills of spherules, of a crystallized mixture of 
bronzite and olivine or of enstatite and olivine, were noticed, none 
however of a crystallized mixture of bronzite and enBtatite, and it 
appears therefore as if this meteoric tuft' originated from two sorts 
of stony mixtures. 

Aagile. — A few small chondra with a compact pale-coloured crust 
have a texture and colour which differs from all the foregoing. The 
entire spherule is shown by polarized light to be one individual ; the 
crust is almost colourless, the interior has a brownish-green hue. 
Their reaction with light points to their being augite. 

Magnetic Pyrites and Nickel- iron. — Magnetic pyrites occurs as grains 
inclosed in the other chondra and splinters of chondra, as well as 
free in the matrix. The nickel-iron is for the most part in the form 
of irregular particles with a hackly surface in the matrix. In some 
of the spherules both magnetic pyrites and nickel-iron have a distinct 
concentric arrangement. 

The stone of Tieschitz belongs to that division of the chondritio 
meteorites which Tscherraak some years since classified as remark- 
able for " many brown finely fibrous chondra." The specific gravity 
of the stone is 359. It contains about 85*0 per cent, of non-metallic 
minerals. No trace of any mineral resembling a felspar could be 
detected. The percentage i;: imposition of the stone was as follows; — 
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1879, May 10, 5 p.m.— Estherville, Emmet Co., Iowa. 1 
This curious meteorite fell near Estherville in lat. 43° 30' N., 
long. 94 s 50' W., within that region of the United Slates which haB 
been remarkable for falls of meteorites, three luivtug fallen at Rochester 
in Indiana, Cynthiana in Kentucky, and Warren ton in Missouri, 
within the space of a month. The phenomena attending this fall 
were of the usual character, but on a grander scale. It occurred 
about five o'clock in the afternoon of May 10, 1879, with the aim 
shining brightly. In some places the meteorite was plainly visible 
in its passage through the air, and looked like a ball of fire with a 
long train of vapour or cloud of fire behind it ; and one observer saw 
it one hundred miles from where it fell. Its course was from N.W. to 
S.E. The Bounds produced in its course are described as being 
"terrible" and "indescribable," at first louder than (bo loudest 
artillery, followed by a rumbling noise, as of a train of cars crossing 
a bridge. Two persons ware within two or three hundred, yards of 
the spots where the two larger masses struck the earth. There were 
distinctly two explosions : the first took place at a considerable height 
in the atmosphere, and several fragments were projected to different 
points over an area of four square miles, the largest going farthest to 
the east. Another exph'Mnn occurred jusl before pouching the. ground, 
and this accounts for the small fragments found near the largest 
mass. This latter fell within 2<i0 feet of a dwelling-house, at a spot 
where there was a hole, six feet deep, filled with water. The clay 
at the bottom of the hole was excavated to a depth of eight feet 
before the meteorite was reached. The second largest mass pene- 
trated blue clay to a depth of five feet, at a spot about two miles 
distant from the first. The third of the larger masses was found on 
the 23rd February, 1880, at a place four miles distant from the 
firBt, in a dried-up slough. On digging a holo the stone was met 
with at a depth of five feet. The fragments thus far obtained 
weigh respectively 437, 170, 92f 28, 10 J. 4 and 2 pounds. The 
height of the meteor is calculated to have been 40 miles, and ita 
velocity from 2 to 4 miles per second. The masses are rough and 
knotted, like mulberry calculi, with rounded protuberances project- 
ing from the surface on every side. The black coating is not uniform, 
being most marked between the projections. These projections have 
sometimes a bright metallic surface, showing them to consist of 
nodules of iron ; and they also contain lumps of an olive-green, 
aineral, having a distinct and easy cleavage. The greater part 
' e stony material is of a grey colour with the green mineral irregu. 

1 J. L. Smith. Avar. Jour. Sc. June, 1880, xix. 459. 
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liirly disseminated through it. The masses vary very much in 
density in their different parts ; the average cannot he less than 4-5. 
When a mass is broken one is immediately struck with the large 
nodules of metal among the grey and green stony substance ; some 
of these will weigh 100 grammes or more. In ibis respect this 
meteorite is unique ; it differs entirely from the siderolites of Krasno- 
yarsk, Atacama, etc., or the known meteorio sfones rich in iron, forin 
none of them has the iron this nodular character. The large noduleB 
of iron appear to have shrunk away from the matrix; an elongated 
fissure of from 2 to 3 millimetres sometimes intervenes, separating 
the matrix and nodules to the extent of one-half the circumference 
of the latter. The only mineral which could be picked out sepa- 
rately has a slightly green colour; it occurs in masses, from one 
half-inch to one inch in size, has an easy cleavage in one direction, 
and was found to be olivine. The same mineral occurs in minute 
rounded condition in other parts of the material ; and minute, almost 
colourless, crystalline particle* in the cavities are supposed to he 
olivine. Troilite exists in small quantity. A quantity of the sili- 
cates was pioksd out, wparated as far as possible from iron, and 
treated with hydrochloric acid. The ratio of soluble to insoluble 
silicates varies very much in different parts of the meteorite, varying 
from lb' to CO per ceut. for the soluble part. The insoluble consisted 
of : — Oxygen. 



Iron protoiido 


.. 21-05 






Magaesia 


.. 24-50 


Soda with traces of K unci Li 


■09 






This is evidently the bronzite commonly found in meteorites. 

The green mineral is the soluble part of the meteorite ; its cleav- 
age in one direction is very perfect : its specific gravity is 3-35; it 
has a hardness of almost 7, and is readily and completely decom- 
posed by hydrochloric acid. On analysis it was found to have the 
composition :~ 

„ , Oxygen. 



17-Si 



The mineral, therefore, is olivine. Dr. L. Smith, who has ex- 
amined this meteorite, describes a third silicate which is opalescent 
and of a light, grceijit-h-yellow colour, and cleaves readily. It w,ib 
a difficult matter to obtain enough of the silicate for analysis, but an 
examination of 100 milligrammes gave tho following numbers : 
Oxygen. 

Silicic acid 49-00 ... 

Iron protoxide 16"7B ... 

Magnesia 33-01 ... 

MM 
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This is equivalent to one atom of bronsita and one atom of olivine, 
which, he says, is ''a form of silicate that we miglit expect to find in 
meteorites." The nickel-iron, as has already been stated, in abundant, 
sometimes in large nodules of from 50 to 100 grammes. It displays 
tbe Widmanstiittiaa figures beautifully, and possesses the following 
composition : 

Iron 82-001 

Nickel 7-100 

Cobalt 0-890 

Copper Minute quautity 

PW-phorm , 0-112 



A careful examination for felspar and schreibersite v 
with a negative result. 



s made, but 



1879, July 1,— Province Entre-Rios, of the La Plata State, between 

Hagaya (S.E. of Santa Fe, north of the River La Plata) and 

Coneepcion on the River Uruguay.' 

Websky reports the arrival of a Btone which fell at the place 
mentioned above, and bad been sent as a present to the Berlin 
Academy. Further particulars are expected to arrive shortly.* It 
fell in the evening and developed a light as bright as day. The 
piece sent to Europe constitutes one-half of the original aerolite. A 
crack, started when the stone was broken, lias since led to the stone 
falling into two pieces, weighing 1239 grammes and 971 grammes. 
The meteorite belongs to the very rare class of carbonaceous stones; 
it is dark grey in structure, has little lustre and is soft ; it contains no 
visible meteoric iron, but an abundance uf light grey rounded bodies; 
amoug which are occasionally some with a dull metallic lustre and 
of a greenish yellow colour, and others of a dark grey compact sub- 
stance and of earthy character. 

The meteoric nature of the stone is placed beyond doubt by tbe 
crust still adhering to (ho smaller fragment. When the two pieces 
are held together, it is easy to recognize which side of the stone was 
in front during its passage through the atmosphere. The entire 
stone appears to have had tbe form of a spheroid 150 mm. in the 
smallest and 180 mm. in the longest diameter. 



Found 1879, July 19— Lick Creek, Davison Co.' 

In this paper is given an engraving, actual size, and a short 
account of a small metallic mass, weighing rather mure than two 
pounds, and found at. the above date in Davison county. When 
found it was covered with a thick scaly crust of oxide. It weighs 

H. Welisky. Sitiunptber. S. AUd. Win. Berlin, 1882, xviii. and xii. 395. 
A. Brezitia. Lie Mi-uiirii,is>'iimnlunii in W ii'ii, 1MSS, p. 186. 
lllitsti-ni.J .Stian/ic. .W-.<, Stin York. March lo, 1880, iii. No. 0, pp. 62 and 66. 
/•»«, St. XX. 1880, 324. 
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1 24 kilogrammes or 43j ounces avoirdupois. It is one of the 
rare class (hat do not show this Widmanstiittian figures. It con- 
tains iron, nickel, cobalt, anil phosphorus. A complete analysis of 
tiits meteorite is being prepared. It is the property of Mr. W. 
E. Hidden, of the New York Academy of Sciences. Mr. Hidden 
has in his cabinet three other undesciibed meteorites from the 
Southern States, one of which weighs 1-45 kilogrammes, or 51 oz. 
avoirdupois. 



1879, November 4. — Kalumbi, Wayee (Wai, .Tallica}, Sattara, 
Presidency of Bombay, India.' 
Breziua records the presentation to the Vienna Collection of a 

g'ece of a meteorite weighing ICO grammes by Mr. M. Wood, of the 
ombay Branch of the Royal Asiatic Society. The fall occurred at 
the above place ami dale, and Ihe stone has the form of a four-sided 
wedge, with a nearly square base. Its weight is 10} lbs. and 197 
grains, and its density is 3-45. According to an incomplete analysis, 
68'75 per cent, was insoluble in hydrogen chloride (consisting of 
silicates, and the silicic acid of the decomposed portion), and in ad- 
dition, there was iron oxide, or rather iron protoxide with alumina 
27-02, nickel 1-55, lime 083, aud magnesia 11-88 per cent. The 
meteorite resembles Forsyth, has a light yellowish ground-mass ; 
the chomlra are (irmly inclosed in the ground -mass, and for the most 
part white and felspatbio. This stone is to be classed with the 
white chondrites. 



1880, February 18, early in the Morning.— Kuritawaki-mura, 

(Toke-uchi-mura), Yosa-no-gori, Tango, Japan. 1 
An eye-witness of the fall of this stone states that in the early 
morning he was washing his face, when he saw a ball of fire cross 
the sky from north-east to south-west. He was much astonished 
when a small stone fell before him from the sky. He caught it up 
and found it was very hot, and gave forth a smell like that of 
gunpowder. The Btone is about li inches long and three-quarters 
of an inch wide, and weighs about 100 grains Troy. It is com- 
pletely covered with a hard black glaze. It appears to be a stone 
and not a meteoric iron. 

The same correspondent mentions a meteoric stone of large size, 
preserved at Toji, which is said to have fallen from the heavens in 
ancient times; and reports another at Chiouin. He also says: "I 
learn that a stone of Beveral pounds weight fell at Tamba a few 
years ago." 

The same number of the Jit pan 0<t~->ttr' riinliiins a short reference 
to another aerolite. The mineral stone which fell some time agu 
at the front of a gate of Iwata, of Takeda-mura, Yabe-gori, Tajima, 
with a brilliant light and report, is about 1^ sun thick and 9 s 

1 A. Brezina, Sillier. Akttd. Win. 18S0, lixsii. Oct. part. 
1 The Japnn Soutta, X^rv\ V», V»S9. 
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circumference, and weighs about 200 momme. This stone lias been 
sent to the Bureau of Agriculture of the Homo Department, and w 
be investigated by Prof. Kinch. 



1880 (early in).— Colorado Basin, Ivanpah, Southern California. 1 



This block of iron wai 
miles of Ivanpab, whii 
Bernardino in Southern 
crossing a wash had hi 
boulder. The block 



flattened; its surface is c 
it had been pelted all o 



found in the Colorado Basin, within eight 
1 is about 200 miles north-east of F 
California, by a Mr. Goddard, who while 
attention arrested by a singular-looking 
oval in shape, having a side somewhat 
and dents, as if 
■ plastic. These 



with pebbles while soft 
concavities are from 1 to 4 inches across, and, in addition, there 
three round holes an inch deep, as if made by the little finger. 
The muss is supposed to weigh 120 lbs., and it, is 14 inches long, 
9 inches broad, and 7 inches deep. The examination of a fragment 
shows it to be highly crystalline, requiring no etching to reveal the 
WidiiiiiustiLtfian figures ; the cleavage appears to be octahedral. 
The sclireibersite is very thin, and, aecordiiiir to Sliepard, of two 
kinds: one in flat leaves, the other in wavy semi-cylinders or 
irregular prisms ; the latter, he says, may be the rhabdite of 
Eeicheuhach. The density of the iroti is 7G5, and its composition ; — 

Iron B4-98 

Nickel 



(jMjmite 



ipecimens of Supposed Meteoric Dnst which fell in the South of 
Enrope and Algiers, between the end of March and beginning 
of May, 1880.* 

In Sicily showers of supposed meteoric dust are often observed, 
sometimes with, sometimes without rain. During such a shower 
the air becomes murky and of a reddish-yellow colour, and the 
barometer falls rapidly. A heavy rain leaves a characterist So 
yellowish-red residue. Dust fell on the night of March 29, 1880, 
at Catania, containing, in addition to the ordinary constituents 
(siliceous, calcareous, and argillaceous minerals, and small organisms), 
particles of metallic iron. It bad a reddish-yellow colour, became 
black and gave off an empyremn;ttic odour when heated, and after- 
wards recovered its original colour. The specific gravity was 
2 - 92. The blowpipe showed the presence of nickel, and phosphoric 
acid was found to the amount of 0' 1456 percent. (P a 5 ). Under the 
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microsoope small particles of dust were observed, some opaque, 
ottwn Hunnunilci! with a red border, others steel-grey with a metallic 
lustre. These particles were easily separated by a magnet from the 
non-metallic more or less transparent particles. The former had a 
diumotei of 0-01 to 0-08 mm. Some were regularly spherical. The 
dust therefore contains nickel-iron, whence it is probably of cosmic 
origin. Silvi-otri insists especially on the fact that it did not contain 
Any constituent* which might lead to the conclusion that it came 
litnu Etna. M. Daubtve examined the dust which fell from April 
aist to lioth, 1880, in the Dep. dea BiisseB-Alpes,Liere,and l'Ain. It 
■fttTMOafl willi ftoid, as did the dust of Catania, contained hydrated 
iron parotide, spangles of mica, and felspar. It was considered to 
bo dust of terroatrial origin, not volcanic, nor Sabaran. About this 
lime, 1 received from my friend, Dr. Reginald Thompson, of Chelsea, 
n -|>"cimcn of reddish powder which had fallen in Algiers in May, 
1880. His correspondent, Mr. A. L. Smith, writing under date 
'■ Algiers. May, 1880," says : " We have had torrents of rain 
oomtng iiftor falls of a red powder in great quantities, of which I 
Mud yon a little; they say it is meteorio. The sky was yellow : 
Ilia air quite still, 1 never saw anything like it" The sand 
answered la all respects to that examined by Silvestri and Daubree ; 
it certainly contained particles which were readily removed by the 
magnet They were however without action on copper a 
mercury bichloride, and the dust did not contain nickel- i: 



1880, April or May (first half of).— Karand, 12 miles east of 

Teheran, Persia. 1 
"The fall of n meteorite which was actually seen to descend, and 
which ib not an event of every -day occurrence, deserves, on account 
of its miuoialogieal interest, some notice. It is not possible here to 
ss certain with ccrtuim y tin- iv.iisiihieiil minerals; ir is therefore 
possible at present only to give a short sketch of the stone ; later 
on, when wo have the material to work with and the help of an 
authority in this branch, we may return to the subject In the 
first half of the month of May, 1880, we wore called before the 
Shall, who banded to us a metallic shining mineral, weighing about 

t400 grammes, which, from the outer crest still adhering to it, we at 
once recognized as a meteorite. We saw that the Shah took the 
sinning metal in it for silver, for ho asked the value of it. But 
when m spoke of the iron, and its probably containing nickel, and 
that the mineral bad more scientific than intrinsic worth, it was 
permitted to us to take the stone away, and to break off a piece for 
closer examination. 
The Shah made himself acquainted with the origin and cause of 
meteorites, and informed us that the atone in question weighed 
I 



1 Mining engineer Feril. Dirtisuh, in Teheran; ii 
Jl'Tg- mid H iittpmnaimisclics sus l'ersien,' in Berg 

Muvb 18, 1881. 
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45 kilogrammes, and fell in the neighbourhood of Ihe village of 
Knrand, twelve miles east of Teheran, with an explosive noise like 
thunder. 

Half of the stone was covered with a thin, blackish, fused crust, 
while the fresh lustrous fractured surface showed it to have formed 
a portion of a much larger atone. A fragment weighing S'(5 
grammes was found to possess a density of 4-36. The fractured 
surface showed a grey, passing into green ground-structure, with, in 
places, single pieces of an oil-green mineral, with a lustre of glass, 
probahly olivine. In the mass lay, closely strewn together, small 
and large granules of white iron ; also little plates of this metal lay 
inclosed in it, and violet-blue tinted grains, similar in their play of 
colour to copper pyrites. 

The pulverized mineral is pretty light, and almost entirely soluble 
in hydrochloric acid. The fractured surface was covered in a few 
days with a thin oxidized crust, although some portions of it are a 
fresh after five months as at first," 

In his note on this meteorite Brezina 1 states that the fall took 
place at Veramin in the month of April, not May. He received a 
fragment from Boron Godel-Lannoy, Secretary of the Legation at 
Teheran ; the portion which Diet/.seh received appears to have been 
lost. Brezina's piece weighs about lti grammes, the meteorite itself 
weighs 20 to 25 kilogrammes, and is preserved by the Shah i 
b garden. This stone, it appears, belongs to the rare group of 
mesosiderites, of which very few members have been seen to fall. 
The remaining members of this group, Ilainholz (1856), Janacera 
Pass (18(50), Newton Co, (I860), Sierra de Chaoo (1862) and Sierra 
de Deesa (18(55}, have no crusts. The Persian stone has a fused 
crust of a lustreless, granular, dull grey colour, with, in places, 
rusted spots; the crust closely resembles that of Daniel's Kuil (1868), 
it is exceedingly thin, from 0'05 to O'OS mm. On the freshly- 
fractured surface the IVrsiun stone bears the greatest resemblance to 
that of Newton Co. ; numerous crystals of olivine, some 2 mm. in 
diameter, in one case a mass 7 mm. acroBS, are inclosed in a highly 
crystalline ground-mass, which appears to consist for the most part 
of olivine. 






1880, Found in Hay. — Lexington Comity, South Carolina. 1 

A mass of iron, weighing lOJlbs., was found at this locality, in 
May, and sent to the Shcpards, lather and son, for examination. It 
has the form of a cylinder with two flattened edges; the surface is 
nearly free from yellow hydrated peroxide of iron, being mostly 

enveloped with a black and briitle euntmg. which, tl gh containing 

some troilite, is yet almost entirely formed of magnetite. Amyg- 
daloidal masses of troilite, of the size of filberts, are met with. 
Magnetite and graphitoid are found coating the troilite. The Lex- 

I, kxxiT. July part. 
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ington iron closely resembles the Bohuniilitz iron found in 1829, 
ami preserved at Prague, especially in the two etched nut-faces : they, 
in fact, are the only two which strikingly show the moire metaltiqite 
lustre ; the crystalline bare in the Lexington iron are. nearly twice 
as large as those in the Bohemian specimen. The included spaces 
are filled with extremely minute lines of liinite, crossing each other 
at all angles from 90° to ISO 11 . Its density is 7 ; that of homogeneous 
fragments being 7-405, and that of the troilite 4-77. Analysis 
showed it to consist of : 



Cobalt 

Insoluble matters 






Supposed Organic Remains in Meteorites, 1880-1882. 



At the end of the year 1880, Dr. 0. Hahn, of lieuf.lingen, a lawyer 
by oalling, published a big work entitled Die Melearilen (Ckondrite) 
und ihre Orijamtmen mit 32 Tafeln pltotogrnphiseher Abbilihimj-m 
(1880, Tubingen : H. Laupp), by which he claimed to have shown 
the presence of sponges, corals, and crinoids in meteoric rooks. 
A statement of his views was read before a meeting of the Geolo- 
gical Society the same summer. Afterwards Dr. D. P. Weinland 
published a paper in support of these views, Ueber die in Meteortten 
entdeckten Thierreste. Illustrated with two woodcuts. (1882, 
Esslingen : G. Frohuer). Tho question was thoroughly gone into 
in a scientific way by Prof. Carl Vogt, of Geneva, and the conclusions 
at which be arrived are contained in a paper entitled Lea pre tend as 
Organismes dea Meteorites, published 1882, Geneve: H. Georg. It 
is shown that Dr. Hahn had no foundation for his conclusions; that 
all the pretended organic structures arc purely inorganic; and that 
in no single case do they present tho microscopic structure of the 
organisms for which they have been mistaken. See also Dr. 
Lawrence Smith on the subject in the Amer. Jour. Sc. 18b2, February, 
156. 



Meteoric Deposits on Arctic Snow, off the Taimur Coast, 1880. ' 

Immediately after the " Vega " lay-to, Bar 
down on the ice, in order to see whether 
metalliferous dust, as he had before fount! north of Spitzbergen (p. 41), 
was not to be found on the surface of the ice. Nothing of the kind, 
however, was to be seen. On the other hand, Lieutenant Nordquist 
observed small yellow specks in the snow, which he collected and 
"Vega," vol. i. pp. 327-331, 
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banded over for investigation to Dr. E jell man. NordensVjiild 
supposed that the specks consist oil of diatom ooze. After examining 
them Dr. Kjellman, however, declared that they did not consist of any 
organic substance, but of crystallized grains of sand. Nordenskjohl 
too examined them more closely, hut unfortunately not until the 
morning after tli>'Y had lcl'l the fielil. and then found that the supposed 
ooze consisted of pale yellow crystals (not fragments of crystals), 
without mixture of foreign matter. " The quantity of crystals, which 
were obtained from about three litres of snow, skimmed from the 
surface of the snow on an area of at most 10 square metres, amounted 
to nearly 0-2 gram. The crystals were found only near the surface 
of the snow, not in the deep layers. They were up to 1 mm. in 
diameter, had the appearance shown in the accompanying woodcut, 
and appeared to belong to the rhombic system, as they had one 
perfect cleavage, and formed striated prisms terminated at either 
end by truncated pyramids. Unfortunately actual measurements of 
them could not be made, because after being ltept for some time in 
the air they weathered to a white n on -crystal line powder. They 
lay. without being sensibly dissolved, for a whole night in the water 
formed by the melting of the snow. On being heated too, they fell 
asunder into a tasteless white powder. The white powder that was 
formed by the weathering of the crystals waB analyzed after our 
return, — 21 months after the discovery of the crystals— and waa 
found to contain only carbonate of lime. 







The original composition and origin of this substance appears to 
me exceedingly enigmatical. It was not common carbonate of lime, 
for the crystals were not rhombobedral, nor did they show the cleav- 
age of calcite. Nor can there be a question of its being aragonite, 
because this mineral might indeed fall asunder "of itself," hut in 
that case the newly -formed powder ought to be crystalline. 

Were the crystals originally a new hydrated carbonate of lime, 
formed by crystallizing out of the sea- water in intense cold, and did 
they lose their water of crystallization at a temperature of 10° or 
above the freezing-point? In such a case they ought not to have 
been found on the surface of the snow, but lower down on the i 
face of the ice. Or did they fall down from the inter-planetary 
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spaces lo the surface of (he earth ? And before crumbling down had 
they a composition differing from terrestrial substances in the same 
way as various i*tT1"m1 DODtpooiida found in recent times in meteoric, 
stones? The occurrence of the crystals in the uppermost layer of 
snow and their falling asunder in the air, tell in favour of this view. 
Unfortunately there is now no possibility of settling these questions, 
but at all events this discovery is a further incitement to those who 
travel in the High North to collect with extreme care, from snow- 
fields lying fur from the ordinary routes of communication, all 
foreign substances, though apparently of trifling importance." 

Baron Nordenskjtild then refers to the metallic particles found by 
him on the snow during previous years (see Geol. Mao. Dec. II. 
1875, Vol. II. pp. 157-102), and says in conclusion :— 

It may appear to many that it is below the dignity of science to 
concern one's self with so trifling an affair as the fall of a small 
quantity of dust. But thiB is by no means the case. For it is esti- 
mated that the quantity of the dust that was found on the ice north 
of Spitzbergen amounted to from 0-1 to 1 milligram per square 
m6tre, and probably the whole fall of dust for the year far exceeded 
the latter figure. But a milligram on every square metre of the 
surface of the earth amounts for the whole globe to five hundred 
million kilograms (say half a million tons) I Such a mass collected 
year by year during the geological ages, of a duration probably in- 
comprehensible by us, forms too important a factor to he neglected 
when the fundamental facts of the geological history of our planet 
are enumerated. A cnntmiiatimi of these investigations will perhaps 
show, that our globe has increased gradually from a small beginning 
to the dimensions it now possesses ; that a considerable quantity of 
the constituents of our sedimentary strata, especially of those that 
have been deposited in the open sea far from land, are of cosmic 
origin ; and will throw an unexpected light on the origin of the fire- 
hearths of the volcanoes, and afford a simple explanation of the 
remarkable resemblance which unmistakably exists between plutonic 
rooks and meteoric stones. 1 



1881, March 14, 335 p.m. — Pennyr.ian's Siding, Middlesborough, 

Yorkshire- 1 
During the past year a very beautiful specimen of a meteorite fell 
near Middles borough, at a spot, called Penny roan's Siding on the 
North-Eastern Hail way Company's branch-line from Middlesborough 
to Guisborough, about one mile and three-quarters from the former 
town. Its descent was witnessed by W. Kllinor and three plate- 
layers, who heard a whizzing or rushing noise in the air, followed 

1 Namely, by showing tint the priiinp.il msWiiil of the plutouic null Tolcanic 
rocks ia of cosmic origin, anil that the phenomena nj h.-ir, wliiuli occur in these layers, 
depend nn chemical clmngf.s 1" ivhii-h the cosmic sediment, nftor being covered by 
thick terrestrial formations, ia subjected. 

! A. 8. Hcrsehel, Stvaulk Iiaihi Chronicle, March 30, 1881, Newcastle-on- 
Tyne. Walter Flight, Prcc. E. S. 1882, n. 346. 
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ii a second or two by a sudden blow of a body striking the ground 
not far from them ; the s)iot was found to be 48 yards from where 
they stood. The fall took place at 3-35 p.m. on the 14th March, 
1881. No luminous or cloud-forming phenomena are reported. 
According to l'ruf. Alexander Hersoliel, who at once visited the spot, 
the fall appears to have been nearly vertical, The stone was " new- 
milk warm " when fouud, and weighed 3 lb. 8\ oz. ; the cruBt is very 
perfect ami of an unusual thickness, and has scarcely suffered by the 
fall. The stone forms a low pyramid, slightly scolloped or con- 
choidal- looking, GJ inches in length, 5 indies wide, and 3 iucb.es in 
height. The rounded summit and sloping sides are scored and 
deeply grooved, with a polish like black lead in waving furrows 
running to the base, showing that this side came foremost during 
the whole of the fusing action of the atmosphere which the meteorite 
underwent in its flight. The base is equally fused by heat, but is 
rough, dull brown in colour, and not scored or furrowed. The stone 
penetrated the soil to a depth of eleven inches. From experiments 
made by Professor Herselie I, he calculates that it struck the ground with 
a velocity of 412 feet per second. As it would acquire this velocity 
"by falling freely through half a mile, it is evident that little of the 
original planetary speed with which it entered the atmoBphere cs 
have remained over. 

The stoue contains 9'379 per cent, of nickel-iron, the composite 
of which was found to be — 

Iron 76-99 



100-00 

The percentage of nickel is high. The remaining constituents consist 
of rocky matter, amounting to 9U'G2 1 per cent., and are soluble silicate 
54'315 percent, and insoluble silicate 36306 per cent. The soluble 
silicate appears to he an olivine of the form 2( J Fe, § Mg) 0, SiO tl 
or one closely resembling that which occurs in the Lance stone, 
which fell July 18th, 1872, and was examined by Dauhree. The 
insolublo part is chiefly bronzite, and most closely resembles that 
which is to be found in the meteorites of Iowa co., Iowa, east of 
Marengo, which fell 12th February, 1875, and were examined by 
Dr. L. Smith. The aluminium constituent is doubtless labradorite 
and is probably the material of some of the occasional chondra which 
30 pic section. 






1882, January 31, 2—3 p.m.— Skaufs, Canton Graubnndten, 
Switzerland. 1 

A meteor of rare size and unusual brilliancy was seen in th 
bright Bunshino at several places in the east of Switzerland. t 
rushing noise was heard at Zurich, at Einsiedeln, and at St. Gallen, 
and a snow-white lump was seen moving in the air overhead. 
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threw out a tliin yellow band in a nort.li- westerly direction, which 
appeared to close together again, anil break up in a ball-like structure; 
then it turned red, while, anil green, and suddenly vanished. It is 
- ■ i- L ■ 1 to have fallen to earth at Skaufa with loud detonation. 

1882, February 3rd, 3-45 p.m. — Hoes, near Klausenburg, Kolos, 
Siebenburgen/ 

To eye-witnesses at Klausenhurg an intensely brilliant meteor 
was visible at this hour in a north-easterly direction ; the sky was 
cloudless: at once a rolling noise, and intense detonations were 
heard. At the spot where the light was observed, a white cirrus- 
like cloud extended in the form of a while stripe from west to east. 
The next day it became known that meteorites had fallen at Mocs, 
five (German) miles eastward of Klausenburg, Dr. Herbich at 
once went there, and was fortunate enough to receive one weighing 
35 kilogrammes, which, after striking an oak tree and lopping off 
several branches, had penetrated the soil to a depth of (58 centimetres 
in the frozen ground. Later on a block weighing 70 kilogrammes 
was found, and a number of other masses. They were spread over 
an area three miles in length. 

Brezina traces the closest resemblance between them and the 
numerous meteorites which fell 30th November, 1822, at Futtehpur 
(Rouspur and Bithur); they are while friable chondrites. Like 
them they are traversed hy a whole system of black veins, con- 
sisting for the most part of nickel-iron and troilite. 

Later on Koch concluded that about 2000 stones had fallen, the 
total weight being 245 kilogrammes. A great number were sent 
to the Nationnl Museum at Klausenburg. The density of the stone 
appears to be S-G7. 

Tho meteor was seen as far as Verespatak, and traces of the cloud 
were visible for 15 to 18 minutes. The sun was shining brightly at 
the time, and the light was strengthened hy the reflection of the 
snow ; still tho light of the meteor was dazzling. One stone was 
picked up quite warm. As is usual, the smaller masses reached the 
earth first, the heavier being carried further to the south-east. A 
map accompanying Koch's paper shows the way in which the stones 
were distributed over the area. 

Those meteorites which fell on the snow, and were quite uninjured, 
have a perfect crust which has the lustre of varnish; the average 
thickness of this crust is | to $ mm. The large stone has the 
usual depressions and hollows on its surface. The fresh surface is 
ash-grey, in places traversed hy brown or black cracks and veins, 
and sparsely scattered small metallic granules. In conclusion Koch 
makes a few tentative remarks suggested by his examination of a 
microscopic section. 

I F. Hurbioh, and A. Brezina. Vtrhtmd. der K. K. Geolag. Re!cliin»*tnll, 1883, 
77. (J>'r NtittohrMhtr, iSh'2, 17-1.1 (i. TVhf-miafc, An-.. At: "",-». trim, lfeS2, 
62. A. Koch, Hitzber. At: 11'i.ii. kxxv. .Mu,:-H,[t, 1882. G. Twhenuak, Ant. 
J&ad. IFisi. fFien, 1832, 83. A.. Brezina, Am. At: Win. tficn, 1882, 104. - 
Brezina, Sitzfcr. Akad. Win. buuv. Jtiri-Htfl, \W1, 
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#r=:ii j.htijE in. Ti*>*G^r * r^BK .m. rfgr :f :£»? srrow that 
they exliiraf. & 7*3*^21117 71 s;l^ tz ixi: zrasiiA. T!ie cruse is 
more l72*rr:a» -aaa. 13. urns ii*»ie;ra£* : jn,= Lic^r fisel threads are 
oocaa:cAZx irf whx. Ix h5£i5:il -: ttJrck v=£zis» izitre are to be 
seen. tr*>5zx rtr*-Iy_ irrmMr etsu* f">*i wri & riiek 2Lig*xLi» a* in 
the st.:xj±- :c *. ^ 1 -li til, 1 "t.^> siiiniir* af -lizviae ii-I ecdCaEtse. ami 
brown tzjirurr* :c euscarx* tzt se*s~ be w=C a* ia.p&ie. a felspar 
of the r^Kp:«idti* «riiJL izii & luMik me t*£ 7=f5eccrziE3£d mineral. 
.1* :<f inn. tOAiv^Lf vjry afcrsrr e*aavi££ are also of 

Brezina s£Z m:r* »32eslt exsai£zK»I ibe eras* aoi die black 
veins. a=>i £si* tzhc "ditt ~:«r:>h£ i*lfc?k: mas are idr ns wnh where 
the sorffcw- -tx^ric:* el tzlt«r2iZt ^i-ncis aai $LHveILe»I character, 
properae* wiix. fxLJy vjsjtz. wrz. iz*'j&£ r A ^k& l«usck ccoo-irites • with 
the excey^nL :«f t*i* iii*r*:»rl-!r A T*ri*riL wLS-ra. h*$ no crust what- 
ever ». ar*i zisa izK&itr* ~*'~ eisccs! ik& rkw that ukj are in each case 
doe to the satire sbme. 

This re^krxt-'T fc?.id5ici ftZ txk place over an area extending 
from 4Sr & zc *& LZ X. cii 24" 2 t; JEJ' ->4" E. of Greenwich. 



1882, Max* 91_ 11 p^— Betweea Webster aad Ocwegol 

Co-. Iaaiaaa, TTJ.A. 1 

Some n>eB wro wer* rising Lome through a very heavy snow- 
storm suii*^.~T "r>**3acx*£ aware of a Large meceor moving near them 
with inxy^v>«Ti?>> nii^hr aai a ru*hing roaring noise. It had a 
bright cherry r*»I -svlvsr. "j^st the colour," as one of the party 
observed, - c4" saelttii Lr^a-~ TLe light was eo brilliant that it 
blinded tL-rZL. aai, zr,rwfcLi&aniing the ssorm. lighted the entire 
neighbourhood as «£e*r;y as tie brightest 'lay at noon. When 
nearly overhead h exploded wi:h a tremendous report. The entire 
party were prostrated, \y/r^M and men, and some of them did not 
recover tbeir eight oxitii v/axt twenty-four hoars later. The report 
was distinct 3v beard at Warsaw, eleven miles distant as the crow 

* 

flies, and attracted a good deal of attention. The glass of the 
windows was broken in a number of booses in the neighbourhood. 



1883, Pebrmary 16tiL— Alfianrflo, YerolanoTa, Breads Italy.* 

I gather from a short preliminary notice, which has been sent by 
M. Denza to Professor Daubree, and has been published in a recent 
number of the " Comptes Kendus," a few particulars respecting the 
fall of this stone, and its general appearance. 

The fall took place, with a load detonation, at 2-6o p.m. on the 
day above mentioned ; it was heard in the neighbouring provinces 
of Cremona, Verona. Hantua, Piacenza, and Parma. In Alfianello 
it is described as " epoavantahle." 

It descended from N.X.E. to 8.S.W., at a distance of about 150 

1 Wmrtaic BeptMie**, March 2.3th, 1882. Bepriated im the Emixf Ti 
Glasgow, April 15th. 1882. 

* Walter Flight Fr*e. toy. Hoc. 1883, Not. 226. 
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metres from ft peasant, who fell fainting to the ground ; telegraphic 
win.'* were set In motion, ami the windows were shaken. It struck 
the ground about 300 metres south-west of Alfianeilo, in a field on 
an estate called Frosera, penetrating the soil, in the same direction 
as ii ptmai through the air, from east to wesl, to a depth of about 
1 metre, the path through the soil being about 1-50 metre. When 
taken out of the ground it was still a little warm. It fell complete, 
but was at once broken to pieces by the farmer of tbe estate. 

The Blone was oval in form, and somewhat flattened in the centre, 
the lower part being larger and convex, like a kettle, the upper part 
being truncated. The surfnoe is covered with the usual black crust, 
and strewn with little cavities, now met with as individuals, now in 
groups, and in the eye of some people bearing a resemblance to the 
impression of a hand or the foot of a she-goat. The stone weighed 
ahout 200 kilos. 

In structure this meteorite belongs to the group oligosideres 
of Daubree, and resembles Aumaiite, being almost identical with the 
meteorite of New Concord, Ohio. 

The substance was finely granular, of ash-grey colour ; a polished 
surface appears to be finely grained and breccia- form, with the 
elements offering different gradations of colour. Metallic grains are 
disseminated, and little nests are noticed, of iron with one of the 
compounds, of a yellowish- white or bronze. In one place where the 
metallia grains are numerous they appear to bear to the stony portion 
the ratio 68 : 1000. The density of the stone is 3-47 to 3-50. 

The meteorite was dried at 120°, and treated with solution of 
mercury chloride, and thus there were dissolved the tioilite and 
nickel-iron. The troilite constituted 6-919 per cent, of the meteorite, 
and the nickel-iron forms 2108 of the stone, with the composition — 

Nickel 71-205 

Iron 28-795 

100 ■ooo 
Here, again, as I have shown in earlier analyses, the percentage o&-« 
nickel present in nickel -iron increases as the percentage of nickel— M_ 
iron becomes less. 

By long treatment with hydrogen chloride the silicates acted uporM-«r 
by that reagent and the silicates which resist the action were sepasi^ 
rated, and the stone appeared to possess the composition — 

Tioiu'w «'919 

Nickel-iruu 2*108 

Soluble eihcatu 60*857 

Insoluble silicate 40-116 

100*000 
The soluble silicate, which amounts to &0*857 per cent., and com. 
etitntes one. half ihe weight of the stoue, consists of — 

Silii-ic acid 30-12 18-72 

Iron priHoiido - 6113 11-43 \ 
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This olivine, which gives a green colour to a fragment of the rock 

that is at once recognized, is of unusual composition, containing as it 

^oes more than 50 per cent, of iron oxide. It agrees most closely 

^ith that which occurs in the meteorite of Ensisheim, the first 

Recorded fall which has been preserved in any collection ; it fell 17th 

^OTember, 1492. The latest analysis of that stone is by Frank 

^j^ook, of Baltimore, made in Gottingen in 1868, and he found in 

t ' 1 ^ soluble portion of that stone 52*90 per cent of iron oxide. 

The insoluble portion, which forms 401 16 per cent, of the stone, 
the composition — 

Silicic acid 56-121 29*93 

Iron protoxide 13*397 297 

Chromium oxide. 8*281 — 

Lime 6*712 1*917 

Magnesia 17*663 7*065 



11*95 



102*174 
The bronzite, or rather augite, also agrees very well with that 
^lich forms the insoluble portion of the meteorite of Ensisheim. 
hat was supposed to be alumina was further examined, and was 
und to be almost entirely chromium oxide, doubtless present in 
^^>mbination with some iron protoxide, alumina, and magnesia as 
romite. And it appears not improbable that this part of the 
eteorite contains some tridymite, a few per cent., in fact 
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